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A s in previous editions, the objective of Contemporary Orthodontics is to provide a
comprehensive overview of this subject that is accessible to students, useful for

residents, and a valuable reference for practitioners. Our goal has been to put infor-
mation into a perspective that facilitates clinical use in a rational way.

This third edition follows the basic outline of previous editions, incorporating
much new information without changing the overall approach and organization.
There is an increased emphasis on the use of computer database applications and
computer simulations in diagnosis and treatment planning, a particular focus on clin-
ical decisions based on data instead of on anecdote and opinion, and additional mate-
rial on clinical biomechanics that reflects the continued rapid progress in this area.

For use in the dental curriculum and residency programs, the book now is sup-
plemented with extensive audiovisual and computer-based teaching materials. The
slide-tape sequences that supplemented basic and applied growth and development
sections have been replaced with computer teaching programs (available in both Win-
dows and Macintosh versions), and several new video cassettes incorporate computer
graphics. The most impressive advance in these supplemental teaching materials,
however, is the availability of computer self-tests (for instruction, not evaluation),
which not only tell students if they have correctly answered questions about the ma-
terial they just studied but also they tell them why answers are correct or incorrect and
display appropriate graphics (graphs, clinical photos, etc.) to reinforce the message.
These tests now accompany both the video and computer programs for basic and
applied growth and development. The result has been a further increase in the num-
ber of students who really master the material, beyond the improvements produced
by self-instruction without this reinforcement.

Further information about supplemental teaching materials, including video cas-
settes, computer teaching programs, and computer self-tests, can be obtained by con-
tacting the Department of Orthodontics, University of North Carolina School of
Dentistry, Chapel Hill, NC 27599-7450, or by visiting the department's home page on
the Internet at http://ortho.dent.unc.edu.

We thank Marion Blackburn for new and revised artwork for this edition, Ramona
Hutton-Howe for photographic support, and Faith Patterson for careful organization
and management of the revision. Particular thanks also go to Drs. Kelly Mitchell, Andy
Hass, Bo-Hoon Joo, and Mr. Will Harvey for their assistance in obtaining new illus-
trations and background material. A number of individuals have reviewed areas
of the manuscript and kindly contributed illustrations; specific acknowledgement is
provided at appropriate points throughout the book.

William R. Proffit
Henry W Fields, Jr.
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CHAPTER

Malocclusion and Dentofacial Deformity
in Contemporary Society

The changing goals of orthodontic treatment

Orthodontics (dentofacial orthopedics)

The usual orthodontic problems: epidemiology of

malocclusion

Why is malocclusion so prevalent?

Need and demand for orthodontic treatment

Need for orthodontic treatment

Demand for orthodontic treatment

THE CHANGING GOALS OF
ORTHODONTIC TREATMENT

Crowded, irregular, and protruding teeth have been a
problem for some individuals since antiquity, and at-
tempts to correct this disorder go back at least to 1000
BC. Primitive (and surprisingly well designed) orthodon-
tic appliances have been found in both Greek and Etr-
uscan materials.' As dentistry developed in the eighteenth
and nineteenth centuries, a number of devices for the
"regulation" of the teeth were described by various au-
thors and apparently used sporadically by the dentists of
that era.

After 1850, the first texts that systematically de-
scribed orthodontics appeared, the most notable being
Norman Kingsley's Oral Deformities. Kingsley (Figure 1-
1), who had a tremendous influence on American den-
tistry in the latter half of the nineteenth century, was
among the first to use extraoral force to correct protrud-
ing teeth. He was also a pioneer in the treatment of cleft
palate and related problems.

Despite the contributions of Kingsley and his contem-
poraries, their emphasis in orthodontics remained the
alignment of the teeth and the correction of facial propor-

tions. Little attention was paid to the dental occlusion, and
since it was common practice to remove teeth for many
dental problems, extractions for crowding or malalignment
were frequent. In an era when an intact dentition was a rar-
ity, the details of occlusal relationships were considered
unimportant.

In order to make good prosthetic replacement teeth,
it was necessary to develop a concept of occlusion, and
this occurred in the late 1800s. As the concepts of pros
thetic occlusion developed and were refined, it was nat-
ural to extend this to the natural dentition. Edward H.
Angle (Figure 1-2), whose influence began to be felt about
1890, can be credited with much of the development of a
concept of occlusion in the natural dentition. Angle's
original interest was in prosthodontics, and he taught in
that department in the dental schools at Pennsylvania and
Minnesota in the 1880s. His increasing interest in dental
occlusion and in the treatment necessary to obtain normal
occlusion led directly to his development of orthodontics
as a specialty, with himself as the "father of modern
orthodontics."

The publication of Angle's classification of malocclu-
sion in the 1890s 3 was an important step in the develop-
ment of orthodontics because it not only subdivided major
types of malocclusion but also included the first clear and
simple definition of normal occlusion in the natural denti-
tion. Angle's postulate was that the upper first molars were
the key to occlusion and that the upper and lower molars
should be related so that the mesiobuccal cusp of the up-
per molar occludes in the buccal groove of the lower mo-
lar. If this molar relationship existed and the teeth were
arranged on a smoothly curving line of occlusion (Figure
1-3), then normal occlusion would result. This statement,
which 100 years of experience has proved to be correct-
except when there are aberrations in the size of teeth, bril-
liantly simplified normal occlusion.

2
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FIGURE 1-1 Norman Kingsley's self-portrait. Kingsley,
who was a noted sculptor and artist as well as an influential
dentist, also served as Dean of the School of Dentistry at New
York University.

FIGURE 1-2

	

Edward H. Angle in his early forties, near the
time that he established himself as the first dental specialist.
From 1905 to 1928, Angle operated proprietary orthodontic
schools in St. Louis, New London, Connecticut, and Pasadena,
California, in which many of the pioneer American orthodon-
tists were trained.

Angle then described three classes of malocclusion,
based on the occlusal relationships of the first molars:

Class I

	

Normal relationship of the molars, but
line of occlusion incorrect because of
malposed teeth, rotations, or other causes

Class II

	

Lower molar distally positioned relative to
upper molar, line of occlusion not specified

Class III

	

Lower molar mesially positioned relative to
upper molar, line of occlusion not specified

Note that the Angle classification has four classes: nor-
mal occlusion, Class I malocclusion, Class II malocclusion,
and Class III malocclusion (Figure 1-4). Normal occlusion
and Class I malocclusion share the same molar relationship
but differ in the arrangement of the teeth relative to the
line of occlusion. The line of occlusion may or may not be
correct in Class 11 and Class III.

With the establishment of a concept of normal occlu-
sion and a classification scheme that incorporated the line
of occlusion, by the early 1900s orthodontics was no longer
just the alignment of irregular teeth. Instead, it had evolved
into the treatment of malocclusion, defined as any devia-
tion from the ideal occlusal scheme described by Angle.
Since precisely defined relationships required a full com-
plement of teeth in both arches, maintaining an intact den-
tition became an important goal of orthodontic treatment.
Angle and his followers strongly opposed extraction for or-
thodontic purposes. With the emphasis on dental occlusion
that followed, however, less attention came to be paid to

Line of Occlusion

FIGURE 1-3

	

The line of occlusion is a smooth (catenary)
curve passing through the central fossa of each upper molar and
across the cingulum of the upper canine and incisor teeth. The
same line runs along the buccal cusps and incisal edges of the
lower teeth, thus specifying the occlusal as well as interarch rela-
tionships once the molar position is established.
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Normal Occlusion

	

Class I Malocclusion

Class II Malocclusion

	

Class III Malocclusion

FIGURE 1-4

	

Normal occlusion and malocclusion classes as specified by Angle.
This classification was quickly and widely adopted early in the twentieth century. It is
incorporated within all contemporary descriptive and classification schemes.

facial proportions and esthetics. Angle abandoned extra-
oral force because he decided this was not necessary to
achieve proper occlusal relationships.

As time passed, it became clear that even an excellent
occlusion was unsatisfactory if it was achieved at the ex-
pense of proper facial proportions. Not only were there es
thetic problems, it often proved impossible to maintain an
occlusal relationship achieved by prolonged use of heavy
elastics to pull the teeth together as Angle and his follow-
ers had suggested. Extraction of teeth was reintroduced
into orthodontics in the 1930s to enhance facial esthetics
and achieve better stability of the occlusal relationships.

Cephalometric radiography, which enabled orthodon-
tists to measure the changes in tooth and jaw positions pro-
duced by growth and treatment, came into widespread use
after World War 11. These radiographs made it clear that
many Class 11 and Class III malocclusions resulted from
faulty jaw relationships, not just malposed teeth. By use of
cephalometrics, it also was possible to see that jaw growth
could be altered by orthodontic treatment. In Europe, the
method of "functional jaw orthopedics" was developed to
enhance growth changes, while in the United States, extra-
oral force came to be used for this purpose. At present, both
functional and extraoral appliances are used internationally
to control and modify growth and form.

As the 21St century begins, orthodontics differs from
what was done previously in three important ways: (1) there
is more emphasis now on dental and facial esthetics, and
less on details of dental occlusion. This has resulted from
the advent of orthognathic surgery, which makes it possible
to correct facial disproportions that previously were not
treatable, and the development of computer imaging meth-
ods that allow the orthodontist to share facial concerns
with patients in a way that was not possible until recently;
(2) patients now expect and are granted a greater degree of
involvement in planning treatment. No longer is it appro-

priate for the paternalistic doctor to simply tell patients
what treatment they should have. Now patients are given
the opportunity to participate in selecting among treat-
ment options-which the computer imaging methods also
facilitate. The recent text by Sarver4 illustrates both these
developments very nicely; and (3) orthodontics now is of-
fered much more frequently to older patients as part of a
multidisciplinary treatment plan involving other dental and
medical specialties. The goal is not necessarily the best pos-
sible dental occlusion or facial esthetics but the best chance
for long-term maintenance of the dentition. This increased
emphasis on treatment coordinated with other dentists has
the effect of integrating orthodontics back into the main-
stream of dentistry, from which Angle's teachings had
tended to separate it. All three of these recent develop-
ments are reflected in the later chapters of this book.

The goal of modern orthodontics can be summed up
as the creation of the best balance among occlusal relation-
ships, dental and facial esthetics, stability of the result and
long-term maintenance, and restoration of the dentition.
The two cases shown in Figures 1-5 through 1-10 demon-
strate the excellent results that can be attained through
orthodontics. The current definition of orthodontics
indicates the change in focus.

Orthodontics (Dentofacial Orthopedics)
Orthodontics now is formally defined (by the American
Association of Orthodontists) as: the area of dentistry
concerned with the supervision, guidance and correction of
the growing and mature dentofacial structures, including
those conditions that require movement of teeth or correc-
tion of malrelationships and malformations of related
structures by the adjustment of relationships between and
among teeth and facial bones by the application of forces
and/or the stimulation and redirection of the functional
forces within the cramofacial complex.

Text continued on p. 9
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FIGURE 1-5

	

Pre-treatment facial (A,B) and intra-oral views (C-F) of a 12-year-old boy with
Class 11 division 1 malocclusion. His chief complaint was the protruding upper incisors, which
created both esthetic and functional problems. Examination of the facial profile shows that, as
usually is the case with Class 11 problems, the major problem is an underdeveloped lower jaw.
Note also the deep bite anteriorly, because the lower incisors have erupted up against the palate.



FIGURE 1-6

	

Post-treatment (age 14) facial (AB) and intra-oral views (C,D) of the boy I n Figure 1-5.
He wore a headgear to the upper molars and had a complete fixed appliance in place for 26 months of active
treatment. Note the improved facial appearance and resolution of both overjet and overbite.

FIGURE 1-7

	

Cephalometric superimposition before/after treatment for the patient in Figure 1-5.
Note the favorable downward-forward growth of the mandible and minimal forward growth of the max-
illa, along with retraction of the maxillary incisors, some forward movement of the lower teeth, and dif-
ferential eruption of the lower posterior teeth. The improvement during treatment occurred because of a
combination of growth modification and tooth movement.

6
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FIGURE 1-8

	

Pre-treatment facial (A,B) and intra-oral (C-G) views of a 42-year-old
man with severe Class II malocclusion and loss of multiple teeth due to trauma to palatal
tissues from his impinging overbite, caries, and periodontal disease. His primary motiva-
tion was satisfactory replacement of his upper incisors and preventing loss of all his teeth,
but he also hoped for improved function and esthetics. He was willing to accept
periodontal, orthodontic, surgical, and prosthodontic treatment.
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FIGURE 1-9

	

For the patient in Figure 1-8, post-treatment (age 44) facial
(A,B) views; dental relationships immediately before (C) and after (D) orthog-
nathic surgery to bring the lower jaw forward; and dental relationships after
completion of orthodontics, fixed restorations in the upper arch, and a lower
removable partial denture (E-1).
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FIGURE 1-10

	

For the patient shown in Figures 1-8 and 1-9,
cephalometric superimposition showing the change in mandibu-
lar position created by orthognathic surgery. Note that the
mandible was moved forward and rotated downward anteriorly,
improving both the anterior-posterior (a-p) and vertical position
of the chin, and providing vertical space for appropriate pros-
thetic rehabilitation.

Major responsibilities of orthodontic practice include
the diagnosis, prevention, interception, and treatment of
all forms of malocclusion of the teeth and associated alter
ations in their surrounding structures; the design, applica-
tion, and control of functional and corrective appliances;
and the guidance of the dentition and its supporting struc-
tures to attain and maintain optimum relations in physio-
logic and esthetic harmony among facial and cranial
structures. s

THE USUAL ORTHODONTIC PROBLEMS:
EPIDEMIOLOGY OF MALOCCLUSION

What Angle defined as normal occlusion more properly
should be considered the ideal, especially when the criteria
are applied strictly. In fact, perfectly interdigitating teeth
arranged along a perfectly regular line of occlusion are
quite rare. For many years, epidemiologic studies of mal-
occlusion suffered from considerable disagreement among
the investigators about how much deviation from the ideal
should be accepted within the bounds of normal. As a re-
sult, between 1930 and 1965 the prevalence of malocclu-

FIGURE 1-11

	

Incisor irregularity usually is expressed as the
irregularity index; the total of the millimeter distances from the
contact point on each tooth to the contact point that it should
touch.

sion in the United States was variously estimated as 35% to
95%. These tremendous disparities were largely the result
of the investigators' differing criteria for normal.

By the 1970s, a series of studies by public health or uni-
versity groups in most developed countries provided a rea-
sonably clear worldwide picture of the prevalence of vari
ous occlusal relationships or malrelationships. In the
United States, two large-scale surveys carried out by the
Division of Health Statistics of the U.S. Public Health Ser-
vice (USPHS) covered children ages 6 to 11 between 1963
and 1965 and youths ages 12 to 17 between 1969 and
1970.6,7 As part of a large-scale national survey of health
care problems and needs in the United States in 1989-1994
(National Health and Nutrition Estimates Survey III, ab-
breviated as NHANES III), estimates of malocclusion
again were obtained. This study of some 14,000 individu-
als was statistically designed to provide weighted estimates
for approximately 150 million persons in the sampled
racial/ethnic and age groups. The data provide current in-
formation for U.S. children and youths and include the first
good data set for malocclusion in adults, with separate esti-
mates for the major racial/ethnic groups. s ' 9

The characteristics of malocclusion evaluated in
NHANES III included the irregularity index, a measure of
incisor alignment (see Figure 1-11), the prevalence of
midline diastema >2 mm (see Figure 1-12), and the preva-
lence of posterior crossbite (see Figure 1-13). In addition,
overjet (see Figure 1-14) and overbite/open bite (see Fig-
ure 1-15) were measured. Overjet, which reflects Angle's
Class 11 and Class III molar relationships, can be evaluated
much more precisely under epidemiologic evaluation con-
ditions, so molar relationship was not evaluated directly.

Current data for these characteristics of malocclusion
for children (age 8 to 11), youths (age 12 to 17) and
adults (age 18 to 50) in the U.S. population, taken from
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FIGURE 1-12

	

A space between adjacent teeth is called a di-
astema. A maxillary midline diastema is relatively common, espe-
cially during the mixed dentition in childhood. A midline dastema
>2 mm rarely closes spontaneously with further development,
however.

FIGURE 1-13

	

Posterior crossbite exists when the maxillary
posterior teeth are lingually positioned relative to the mandibular
teeth, as in this patient. Posterior crossbite most often reflects a
narrow maxillary dental arch but can arise from other causes.

FIGURE 1-14

	

Overjet is defined as horizontal overlap of the
incisors. Normally the incisors are in contact, with the upper in-
cisors ahead of the lower by only the thickness of the upper edges
(i.e., 2-3 mm overjet is the normal relationship). If the lower
incisors are in front of the upper incisors, the condition is called
reverse overjet or anterior crossbite.

FIGURE 1-15

	

Overbite is defined as vertical overlap of the in-
cisors. Normally the lower incisal edges contact the lingual sur-
face of the upper incisors at or above the cingulum (i.e., normally
there is 1 to 2 mm overbite). In open bite, there is no vertical over-
lap, and the vertical separation is measured.

NHANES 111, are shown in Tables 1-1 and 1-2 and are
displayed graphically in Figures 1-16 to 1-19.

Note that just over half of U.S. children age 8 to 11
have well-aligned incisors. The rest have varying degrees of
malalignment and crowding. The percent with excellent
alignment decreases by age 12 to 17 as the remaining per-
manent teeth erupt, then remains essentially stable in the
upper arch but worsens in the lower arch for adults. Only
34% of adults have well-aligned lower incisors.

Nearly 15% of adolescents and adults have severely or
extremely irregular incisors, so that major arch expansion
or extraction of some teeth would be necessary to align
them. A wide space between the maxillary central incisors
(midline diastema) often is present in childhood (26% have
>2 mm space). Although this space tends to close, over 6%
of youths and adults still have a noticeable diastema. Blacks
are more than twice as likely to have a midline diastema
than whites or Hispanics (p<.001).

Posterior crossbite reflects deviations from ideal oc-
clusion in the transverse plane of space, overjet or reverse
overjet indicate antero-posterior deviations in the Class
II/Class III direction, and overbite/open bite indicate ver-
tical deviations from ideal. As Table 1-2 shows, posterior
crossbite is relatively rare at all ages. Overjet of 5 mm or
more, suggesting Angle's Class II malocclusion, occurs in
2 3 % of children, 15 % of youths, and 13 % of adults. Re-
verse overjet, indicative of Class III malocclusion, is much
less frequent. This affects about 1 % of American children
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TABLE 1-1

	

Percent of U.S. Population with Incisor Crowding/Malalignment

Incisor Irregularity (mm)

FIGURE 1-16

	

Incisor irregularity in the U.S. population,
1989-1994. One-third of the population have at least moder-
ately irregular (usually crowded) incisors, and nearly 15% have
severe or extreme irregularity.

Overjet (mm)

FIGURE 1-17

	

Overjet (Class 11) and reverse overjet (Class 111)
in the U.S. population, 1989-1994. Only one-third of the popu-
lation have ideal antero-posterior incisor relationships, but over-
jet is only moderately increased in another one-third. Increased
overjet accompanying Class 11 malocclusion is much more preva-
lent than reverse overjet accompanying Class 111.
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FIGURE 1-18

	

Open bite/deep bite relationships in the U.S.
population, 1989-1994. Half the population have an ideal vertical
relationship of the incisors. Deep bite is much more prevalent
than open bite. Vertical relationships vary greatly between racial
groups (see Table 1-2).

FIGURE 1-19

	

Changes in the prevalence of types of maloc-
clusion from childhood to adult life, United States, 1989-1994.
Note the increase in incisor irregularity and decrease in severe
overjet, both of which are related to mandibular growth.

TARI F 1-2

	

Percent of U.S. Population with Occlusal Contact Discrepancies
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and increases slightly in youths and adults. Severe Class II
and Class III problems, at the limit of orthodontic correc-
tion, occur in about 4% of the population, with severe
Class II much more prevalent. Both severe Class 11 and
Class III are more prevalent in the Hispanic than the white
or black groups (p<.03).

Vertical deviations from the ideal overbite of 0-2 mm
are less frequent in adults than children but occur in half
the adult population, the great majority of whom have
excessive overbite. Severe deep bite (overbite > 5 mm) is
found in nearly 20% of children and 13% of adults, while
open bite (negative overbite >-2 mm) occurs in less than
1 %. There are striking differences between the racial/
ethnic groups in vertical dental relationships. Severe deep
bite is nearly twice as prevalent in whites as blacks or His-
panics (p<.001), while open bite >2 mm is five times
more prevalent in blacks than in whites or Hispanics
(p<.001). This almost surely reflects the slightly different
craniofacial proportions of the black population groups
(see Chapter 5 for a more complete discussion). Despite
their higher prevalence of antero-posterior problems,
vertical problems are less prevalent in Hispanics than
either blacks or whites.

From the survey data, it is interesting to calculate the
percentage of American children and youths who would
fall into Angle's four groups. From this perspective, 30%
at most have Angle's normal occlusion. Class I malocclu-
sion (50% to 55%) is by far the largest single group; there
are about half as many Class II malocclusions (approxi-
mately 15%) as normal occlusion; and Class III (less than
I %) represents a very small proportion of the total.

Differences in malocclusion characteristics between
the United States and other countries would be expected
because of differences in racial and ethnic composition. Al
though the available data are not as extensive as for Amer-
ican populations, it seems clear that Class II problems are
most prevalent in whites of northern European descent (for
instance, 25% of children in Denmark are reported to be
Class 1I), while Class III problems are most prevalent in
Oriental populations (3 % to 5 % in Japan, nearly 2 % in
China with another 2 % to 3 % pseudo-Class 111, [i.e., shift-
ing into anterior crossbite because of incisor interfer-
ences]). 1° African populations are by no means homoge-
nous, but from the differences found in the United States
between blacks and whites, it seems likely that Class III
and open bite are more frequent in African than European
populations and deep bite less frequent.

WHY IS MALOCCLUSION SO PREVALENT?

Although malocclusion now occurs in a majority of the
population, that does not mean it is normal. Skeletal re-
mains indicate that the present prevalence is several times
greater than it was only a few hundred years ago. Crowd-
ing and malalignment of teeth was unusual until relatively
recently' 1 (but not unknown [Figure 1-20]). Because the
mandible tends to become separated from the rest of the
skull when long-buried skeletal remains are unearthed, it is
easier to be sure what has happened to alignment of teeth
than to occlusal relationships. The skeletal remains suggest
that all members of a group might tend toward a Class 111,

Figure 1-20

	

Mandibular dental arches from Neanderthal specimens from the Krapina cave in
Yugoslavia, estimated to be approximately 100,000 years old. A, Note the excellent alignment in the
specimen. B, Crowding and malalignment are seen in this specimen, which had the largest teeth in
this find of skeletal remains from approximately 80 individuals. (From Wolpoff WII: Paleoanthro-

pology, New York, 1998, Alfred A Knopf.)
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FIGURE 1-21

	

The generalized decline in the size of human teeth can be seen
by comparing tooth sizes from the anthropological site at Qafzeh, dated 100,000
years ago; Neanderthal teeth, 10,000 years ago; and modern human populations.
(Redrawn from Kelly MA, Larsen CS (editors): Advances in dental anthropology,

New York, 1991, Wiley-Liss.)

or less commonly, a Class II jaw relationship. Similar find-
ings are noted in present population groups that have re-
mained largely unaffected by modern development:
crowding and malalignment of teeth are uncommon, but
the majority of the group may have mild anteroposterior
or transverse discrepancies, as in the Class III tendency of
South Pacific islanders 12 and buccal crossbite (X-occlu-
sion) in Australian aborigines. 13

Although 1000 years is a long time relative to a single
human life, it is a very short time from an evolutionary
perspective. The fossil record documents evolutionary
trends over many thousands of years that affect the
present dentition, including a decrease in the size of indi-
vidual teeth, a decrease in the number of the teeth, and a
decrease in the size of the jaws. For example, there has
been a steady reduction in the size of both anterior and
posterior teeth over at least the last 100,000 years (Figure
1-21). The number of teeth in the dentition of higher
primates has been reduced compared with the usual
mammalian pattern (Figure 1-22). The third incisor and
third premolar have disappeared, as has the fourth molar.
At present, the human third molar, second premolar, and
second incisor often fail to develop, which indicates that
these teeth may be on their way out. Compared with
primitive peoples, modern human beings have quite
underdeveloped jaws.

It is easy to see that the progressive reduction in jaw
size, if not well matched to a decrease in tooth size and
number, could lead to crowding and malalignment. It is less
easy to see why dental crowding should have increased
quite recently, but this seems to have paralleled the transi-
tion from primitive agricultural to modern urbanized soci-
eties. Cardiovascular disease and related health problems
appear rapidly when a previously unaffected population
group leaves agrarian life for the city and civilization. High
blood pressure, heart disease, diabetes, and several other
medical problems are so much more prevalent in developed
than underdeveloped countries that they have been labeled
"diseases of civilization." There is some evidence that mal-
occlusion increases within well-defined populations after a
transition from rural villages to the city. Corrucini, for in-
stance, reports a higher prevalence of crowding, posterior
crossbite, and buccal segment discrepancy in urbanized
youths compared with rural Punjabi youths of northern In-
dia. 14 One can argue that malocclusion is another condi-
tion made worse by the changing conditions of modern life,
perhaps resulting in part from less use of the masticatory
apparatus with softer foods now. Under primitive condi-
tions, of course, excellent function of the jaws and teeth was
an important predictor of the ability to survive and repro-
duce. A capable masticatory apparatus was essential to deal
with uncooked or partially cooked meat and plant foods.
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FIGURE 1-22

	

Reduction in the number of teeth has been a feature of primate evolution. In the present
human population, third molars are so frequently missing that it appears a further reduction is in progress,
and the variability of lateral incisors and second premolars suggests evolutionary pressure of these teeth.

Watching an Australian aboriginal man using every muscle
of his upper body to tear off a piece of kangaroo flesh from
the barely cooked animal, for instance, makes one appreci-
ate the decrease in demand on the masticatory apparatus
that has accompanied civilization (Figure 1-23).

Determining whether changes in jaw function have in-
creased the prevalence of malocclusion is complicated by
the fact that both dental caries and periodontal disease,
which are rare on the primitive diet, appear rapidly when
the diet changes. The resulting dental pathology can make
it difficult to establish what the occlusion might have been
in the absence of early loss of teeth, gingivitis and peri-
odontal breakdown. The increase in malocclusion in mod-
ern times certainly parallels the development of modern
civilization, but a reduction in jaw size related to disuse
atrophy is hard to document, and the parallel with stress-
related diseases can be carried only so far. Although it is dif-
ficult to know the precise cause of any specific malocclu-
sion, we do know in general what the etiologic possibilities
are, and these are discussed in some detail in Chapter 5.

What difference does it make if you have a malocclu-
sion? Let us consider now the reasons for orthodontic
treatment.

NEED AND DEMAND FOR
ORTHODONTIC TREATMENT

Need for Orthodontic Treatment
Protruding, irregular, or maloccluded teeth can cause
three types of problems for the patient: (1) discrimination
because of facial appearance; (2) problems with oral func-
tion, including difficulties in jaw movement (muscle inco-
ordination or pain), temporomandibular joint dysfunction
(TMD), and problems with mastication, swallowing or
speech; and (3) greater susceptibility to trauma, periodon-
tal disease, or tooth decay.

Psychosocial Problems.

	

A number of studies in re-
cent years have confirmed what is intuitively obvious, that
severe malocclusion is likely to be a social handicap. The

FIGURE 1-23

	

Sections from a movie of an Australian aborig-
inal man eating a kangaroo prepared in the traditional fashion.
Note the activity of muscles, not only in the facial region, but
throughout the neck and shoulder girdle. (Courtesy M.J. Barrett.)

usual caricature of an individual who is none too bright in-
cludes extremely protruding teeth. Well-aligned teeth and
a pleasing smile carry positive status at all social levels,
whereas irregular or protruding teeth carry negative sta-
tus. 1 s. 16 Appearance can and does make a difference in
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teachers' expectations and therefore student progress in
school, in employability, and in competition for a mate.
Tests of the psychologic reactions of individuals to various
dental conditions, carried out by showing photographs of
various mouths to the individual whose response was being
evaluated, show that cultural differences are smaller than
might have been anticipated. A dental appearance pleasing
to Americans was also judged pleasing in Australia and East
Germany, whereas a dental appearance considered in the
United States to carry with it some social handicap drew
about the same response in these other cultural settings.' 7
Protruding incisors are judged unattractive within popula-
tions where most individuals have prominent teeth, just as
they are within less protrusive groups.' 8

There is no doubt that social responses conditioned by
the appearance of the teeth can severely affect an individ-
ual's whole adaptation to life. This places the concept of
"handicapping malocclusion" in a larger and more impor-
tant context. If the way you interact with other individuals
is affected constantly by your teeth, your dental handicap is
far from trivial. It is interesting that psychic distress caused
by disfiguring dental or facial conditions is not directly pro-
portional to the anatomic severity of the problem. An indi-
vidual who is grossly disfigured can anticipate a consis-
tently negative response. An individual with an apparently
less severe problem (e.g., a protruding chin or irregular
incisors) is sometimes treated differently because of this
but sometimes not. It seems to be easier to cope with a de-
fect if other people's responses to it are consistent rather
than if they are not. Unpredictable responses produce
anxiety and can have strong deleterious effects.1 9

The impact of a physical defect on an individual also
will be strongly influenced by that individual's self-esteem
(how positively or negatively the person feels about him
self). The result is that the same degree of anatomic abnor-
mality can be merely a condition of no great consequence
to one individual but a genuinely severe problem to an-
other. 20 It seems clear that the major reason people seek or-
thodontic treatment is to minimize psychosocial problems
related to their dental and facial appearance. These prob-
lems are not "just cosmetic."

Oral Function.

	

A severe malocclusion may compro-
mise all aspects of oral function. Adults with severe maloc-
clusion routinely report difficulty in chewing, and after
treatment patients say that masticatory problems are
largely corrected. It seems reasonable that poor dental
occlusion would be a handicap to function, but there is no
good test for chewing ability and no objective way to mea-
sure the extent of any functional handicap. Methods to test
for jaw function would put this reason for orthodontic
treatment on a more scientific basis. Scoring the efficiency
of mastication from video tapes of standard tasks now of-
fers the possibility of doing this. 22

Severe malocclusion may make adaptive alterations in
swallowing necessary In addition, it can be difficult or im-
possible to produce certain sounds (see Chapter 6), and ef-

fective speech therapy may require some preliminary or-
thodontic treatment. Even less severe malocclusions tend
to affect function, not by making it impossible but by mak-
ing it difficult, so that extra effort is required to compensate
for the anatomic deformity. For instance, everyone uses as
many chewing strokes as it takes to reduce a food bolus to
a consistency that is satisfactory for swallowing, so if chew-
ing is less efficient in the presence of malocclusion, either
the affected individual uses more effort to chew or settles
for less well masticated food before swallowing it. Similarly,
almost everyone can move the jaw so that proper lip rela-
tionships exist for speech, so distorted speech is rarely
noted even though an individual may have to make an ex-
traordinary effort to produce normal speech. As methods
to quantitate functional adaptations of this type are devel-
oped, it is likely that the effect of malocclusion on function
will be appreciated more than it has been in the past.

The relationship of malocclusion and adaptive func-
tion to temporomandibular dysfunction (TMD), mani-
fested as pain in and around the TM joint, is understood
much better now than only a few years ago. 23 The pain may
result from pathologic changes within the joint, but more
often is caused by muscle fatigue and spasm. Muscle pain
almost always correlates with a history of constantly pos-
turing the mandible to an anterior or lateral position, or
clenching or grinding the teeth as a response to stressful
situations. The excessive muscle activity accompanying
clenching or grinding may occur during the day or may be
present during sleep.

Some dentists have suggested that even minor imper-
fections in the occlusion serve to trigger clenching and
grinding activities. If this were true, it would indicate a real
need for perfecting the occlusion in everyone, to avoid the
possibility of developing facial muscle pain. Because the
number of people with at least moderate degrees of maloc-
clusion (50% to 75% of the population) far exceeds the
number with TMD (5% to 30%, depending on which
symptoms are examined), it seems unlikely that occlusal
patterns alone are enough to cause hyperactivity of the oral
musculature. 24 A reaction to stress usually is involved.
Some individuals with poor occlusion have no problem
with muscle pain when stressed but develop symptoms in
other organ systems. Almost never does an individual have
both ulcerative colitis (also a common stress-induced dis-
ease) and TMD. Some types of malocclusion (especially
posterior crossbite with a shift on closure) correlate posi-
tively with TM joint problems while other types do not, 23
but even the strongest correlation coefficients are only 0.3
to 0.4. This means that for the great majority of patients,
there is no association between malocclusion and TMD.

On the other hand, if a patient does respond to stress
by increased oral muscle activity, improper occlusal rela-
tionships may make the problem more severe and harder to
control. Therefore malocclusion coupled with pain and
spasm in the muscles of mastication may indicate a need for
orthodontic treatment as an adjunct to other treatment for
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FIGURE 1-24

	

Fractured maxillary central incisors in a 10-
year-old girl. There is almost one chance in three of an injury to
a protruding incisor; most of the accidents occur during normal
activity, not in sports.

the muscle pain (but orthodontics as the primary treatment
almost never is indicated). If the problem is a pathologic
process within the joint itself, occlusal therapy may or may
not help the patient adapt to the necessarily altered joint
function (see Chapter 20).

Relationship to Injury and Dental Disease.

	

Maloc-
clusion, particularly protruding maxillary incisors, can in-
crease the likelihood of an injury to the teeth (Figure 1-24).
There is about one chance in three that a child with an un-
treated Class 11 malocclusion will experience significant
trauma to the upper incisors, resulting in a fracture of the
tooth and/or devitalization of the pulp. 2s Reducing the
chance of injury when incisors protrude is one argument
for early treatment of Class II problems (see Chapter 8).
Extreme overbite, so that the lower incisors contact the
palate, can cause significant fissue damage, leading to loss
of the upper incisors in a few patients. Extreme wear of in-
cisors also occurs in some patients with excessive overbite.

It seems obvious that malocclusion could contribute
to both dental decay and periodontal disease, by making it
harder to care for the teeth properly or by causing occlusal
trauma. Current data indicate, however, that malocclusion
has little if any impact on diseases of the teeth or support-
ing structures. An individual's willingness and motivation
determine oral hygiene much more than how well the
teeth are aligned, and presence or absence of dental plaque
is the major determinant of the health of both the hard and
soft tissues of the mouth. If individuals with malocclusion
are more prone to tooth decay, the effect is small com-
pared with hygiene status. 26 Occlusal trauma, once
thought to be important in the development of periodon-
tal disease, now is recognized to be a secondary, not a pri-
mary etiologic factor.

Two studies carried out in the late 1970s, in which a
large number of patients were carefully examined 10 to 20
years after completion of orthodontic treatment, shed
some light on long-term relationships between malocclu-
sion and oral health.28.29 In both studies, comparison of the

patients who underwent orthodontic treatment years ear-
lier with untreated individuals in the same age group
showed similar periodontal status, despite the better func-
tional occlusions of the orthodontically treated group.
There was only a tenuous link between untreated maloc-
clusion and major periodontal disease later in life. No evi-
dence of a beneficial effect of orthodontic treatment on fu-
ture periodontal health was demonstrated, as would have
been expected if untreated malocclusion had a major role in
the cause of periodontal problems.

Patients with a history of orthodontic treatment ap-
pear to be more likely to seek later periodontal care than
those who were not treated, and thus are over-represented
among periodontal patients. Because of this, it has been
suggested that previous orthodontic treatment predisposes
to later periodontal disease. The long-term studies show no
indication that orthodontic treatment increased the chance
of later periodontal problems. The association between
early orthodontic and later periodontal treatment appears
to be only another manifestation of the phenomenon that
one segment of the population seeks dental treatment while
another avoids it. Those who have had one type of success-
ful dental treatment, like orthodontics in childhood, are
more likely to seek another like periodontal therapy in
adult life.

In summary, it appears that both psychosocial and
functional handicaps can produce significant need for or-
thodontic treatment. The evidence is less clear that ortho
dontic treatment reduces the development of later dental
disease.

Epidemiologic Estimates of Orthodontic Treat-
ment Need. Psychosocial and facial considerations, not
just the way the teeth fit, play a role in defining orthodon
tic treatment need. For this reason, it is difficult to deter-
mine who needs treatment and who does not, just from an
examination of dental casts or radiographs. It seems rea-
sonable that the severity of a malocclusion correlates with
need for treatment. This assumption is necessary when
treatment need is estimated for population groups.

Several indices for scoring how much the teeth deviate
from the normal, as indicators of orthodontic treatment
need, were proposed in the 1970s. Of these, Grainger's
Treatment Priority Index (TPI)30 is the most prominent
because it was used in the 1965-1970 U.S. population
surveys. None of the early indices were widely accepted for
screening potential patients, however.

More recently, Shaw and co-workers in the United
Kingdom developed a scoring system for malocclusion, the
Index of Treatment Need (IOTN), 31 that places patients in
five grades from "no need for treatment" to "treatment
need." The index has a dental health component derived
from occlusion and alignment (Box 1-1) and an esthetic
component derived from comparison of the dental appear-
ance to standard photographs (Figure 1-2 5). IOTN usually
is calculated from direct examination, but the dental health
component also can be determined from dental casts. A
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Grade 5 (Extreme/Need Treatment)
5.i

	

I mpeded eruption of teeth (except third molars) due to
crowding, displacement, the presence of
supernumerary teeth, retained deciduous teeth, and
any pathological cause.

5.h

	

Extensive hypodontia with restorative implications
(more than one tooth per quadrant) requiring pre-
prosthetic orthodontics.

5.a

	

I ncreased overjet greater than 9 mm.
5.m Reverse overjet greater than 3.5 mm with reported

masticatory and speech difficulties.
5.p

	

Defects of cleft lip and palate and other craniofacial
anomalies.

5.s

	

Submerged deciduous teeth.

Grade 4 (Severe/Need Treatment)
4.h

	

Less extensive hypodontia requiring pre-restorative
orthodontics or orthodontic space closure (one tooth
per quadrant).

4.a

	

I ncreased overjet greater than 6 mm but less than or
equal to 9 mm.

4.15

	

Reverse overjet greater than 3.5 mm with no
masticatory or speech difficulties.

4.m Reverse overjet greater than 1 mm but less than 3.5
mm with recorded masticatory or speech difficulties.

4.c

	

Anterior or posterior crossbites with greater than 2
mm discrepancy between retruded contact position
and intercuspal position.

4.1

	

Posterior lingual crossbite with no functional occlusal
contact in one or both buccal segments.

4.d

	

Severe contact point displacements greater than 4 mm.
4.e

	

Extreme lateral or anterior open bites greater than 4 mm.
4.f

	

I ncreased and complete overbite with gingival or
palatal trauma.

4.t

	

Partially erupted teeth, tipped, and impacted against
adjacent teeth.

4.x

	

Presence of supernumerary teeth.

Grade 3 (Moderate/Borderline Need)
3.a

	

I ncreased overjet greater than 3.5 mm but less than or
equal to 6 mm with incompetent lips.

3.b

	

Reverse overjet greater than 1 mm but less than or
equal to 3.5 mm.

3.c

	

Anterior or posterior crossbites with greater than 1
mm but less than or equal to 2 mm discrepancy
between retruded contact position and intercuspal
position.

3.d

	

Contact point displacements greater than 2 mm but
less than or equal to 4 mm.

3.e

	

Lateral or anterior open bite greater than 2 mm but
l ess than or equal to 4 mm.

3.f

	

Deep overbite complete on gingival or palatal tissues
but no trauma.

Grade 2 (Mild/Little Need)
2.a

	

I ncreased overjet greater than 3.5 mm but less than or
equal to 6 mm with competent lips.

2.15

	

Reverse overjet greater than 0 mm but less than or
equal to 1 mm.

2.c

	

Anterior or posterior crossbite with less than or equal
to 1 mm discrepancy between retruded contact
position and intercuspal position.

2.d

	

Contact point displacements greater than 1 mm but
l ess than or equal to 2 mm.

2.e

	

Anterior or posterior openbite greater than 1 mm but
less than or equal to 2 mm.

2.f

	

I ncreased overbite greater than or equal to 3.5 mm
without gingival contact.

2.g

	

Pre-normal or post-normal occlusions with no other
anomalies.

Grade 1 (No Need)
1.

	

Extremely minor malocclusions including contact point
displacements less than 1 mm.

special ruler (Figure 1-26) summarizes the information
needed for the dental health component, and after some cal-
ibration of examiners, reliable (i.e., reproducible) data are
obtained. The significance of various occlusal discrepancies
was established by a consensus panel of orthodontists, and
the IOTN grades seem to reflect clinical judgments better
than previous methods. 32 There is a surprisingly good cor-
relation between treatment need assessed by the dental
health and esthetic components of IOTN (i.e., children se-
lected as needing treatment on one of the scales are also
quite likely to be selected using the other).

With some allowances for the effect of missing teeth,
it is possible to calculate the percentages of U.S. children
and youths who would fall into the various IOTN grades
from the NHANES III data set.9 Figure 1-27 shows the

number of youths age 12-17 estimated to have mild/mod-
erate/severe treatment need by IOTN. Although the
prevalence of malocclusion is similar for the three groups,
the percentage of blacks with severe problems is higher. Al-
though the TPI scores of 30 years ago placed more children
toward the severe end of the malocclusion spectrum than
the current IOTN grades, it seems unlikely that there has
been a major change in treatment need. To some extent, the
difference may be due to the difference in the indices, but
there is another factor. Many more children have ortho-
dontic treatment now. The number of white children who
receive treatment is considerably higher than blacks or
Hispanics (p<.001). Treatment almost always produces an
improvement but may not totally eliminate all the charac-
teristics of malocclusion, 33 so the effect is to move some in-
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FIGURE 1-25

	

The stimulus photographs of the IOTN esthetic index. The score is derived from the
patient's answer to "Here is a set of photographs showing a range of dental attractiveness. Number 1 is
the most attractive and number 10 the least attractive arrangement. Where would you put your teeth
on this scale?" Grades 8-10 indicate definite need for orthodontic treatment, 5-7 moderate/borderline
need, 1-4 no/slight need.
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FIGURE 1-26

	

The IOTNruler, which makes it easy to measure the key char-
acteristics that determine the score on IOTN's dental health component.

FIGURE 1-27

	

Orthodontic need by severity of the problem
for white, black and Mexican-American youths age 12-17 in the
United States 1989-94, and the percent of each group who report
receiving orthodontic treatment. The greater number of whites
who receive treatment probably accounts for the smaller number
of severe problems in the white population.

dividuals from the severe to the mild treatment need cate-
gories. The higher proportion of severe malocclusion
among blacks, who are much less likely to receive treat-
ment at this point than whites, probably reflects the effect
of more treatment in the white group, and may not indi-
cate the presence of more severe malocclusion in the black
population.

How do the IOTN scores compare with what parents
and dentists think relative to orthodontic treatment need?
The (rather weak) existing data suggest that in typical
American neighborhoods, about 35% of adolescents are
perceived by parents and peers as needing orthodontic
treatment (see Figure 1-27). Note that this is larger than
the number of children who would be placed in IOTN
grades 4 and 5 as severe problems definitely needing treat-
ment but smaller than the total of grades 3, 4, and 5 for
moderate and severe problems. Dentists usually judge that
only about one-third of their patients have normal occlu-
sion, and they suggest treatment for about 55% (thereby
putting about 10% in a category of malocclusion with lit-
tle need for treatment). It appears that they would include
all the children in IOTN grade 3 and some of those in

grade 2 (Table 1-3) in the group who would benefit from
orthodontics. Presumably, facial appearance and psy-
chosocial considerations are used in addition to dental
characteristics when parents judge treatment need or den-
tists decide to recommend treatment.

Demand for Orthodontic Treatment
Demand for treatment is indicated by the number of pa-
tients who actually make appointments and seek care. Not
all patients with malocclusion, even those with extreme de-
viations from the normal, seek orthodontic treatment.
Some do not recognize that they have a problem; others feel
that they need treatment but cannot afford it or cannot ob-
tain it.

Both the perceived need and demand vary with social
and cultural conditions. 34 More children in urban areas are
thought (by parents and peers) to need treatment than chil
dren in rural areas. Family income is a major determinant
of how many children receive treatment (Figure 1-28).
This appears to reflect not only that higher income fami-
lies can more easily afford orthodontic treatment but also
that good facial appearance and avoidance of disfiguring
dental conditions are associated with more prestigious so-
cial positions and occupations. The higher the aspirations
for a child, the more likely the parent is to seek orthodon-
tic treatment for him or her. It is widely recognized that se-
vere malocclusion can affect an individual's entire life ad-
justment, and every state now provides at least some
orthodontic treatment through its Medicaid program, but
Medicaid and related programs support only a tiny fraction
of the population's orthodontic care. From that perspective
it is interesting that even in the lowest income group almost
5 % of the youths and over 5 % of adults report receiving
treatment, with 10-15% treated at intermediate income
levels. This probably reflects the importance placed on or-
thodontic treatment by some families as a factor in social
and career progress.

The effect of financial constraints on demand can be
seen most clearly by the response to third-party payment
plans. When third-party copayment is available, the num
ber of individuals seeking orthodontic treatment rises
considerably (but even when all costs are covered, some
individuals for whom treatment is recommended do not
accept it-see Table 1-3). It seems likely that under opti-
mal economic conditions, demand for orthodontic treat-
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TABLE 1-3

	

Percent of U.S. Population Estimated to Need Orthodontics, 1965-1970 vs 1989-1994

ment will at least reach the 3 5 % level thought by the pub-
lic to need treatment. The NHANES III data show that
35%-50% of children and youths in higher socioeco-
nomic areas in the United States already are receiving or-
thodontic care. 9 A survery of orthodontic specialists
showed that over 4 million patients were in orthodontic
treatment in the United States in 1996. 35

As late as the 1960s, 95% or more of all orthodontic
patients were children or adolescents. From 1975 to the
late 1980s, much of the growth in the orthodontic patient
population was adults (age 18 or older). By 1990, 2 5 % of
all orthodontic patients were adults (18 or older). Inter-
estingly, the absolute number of adults seeking orthodon-
tic treatment has remained constant since then while the
number of younger patients has grown, so in the late
1990s the proportion of adults in the orthodontic patient
population had dropped to 20%. 35 Many of these adult
patients indicate that they wanted treatment earlier but
did not receive it, often because their families could not
afford it; now they can. Wearing braces as an adult is more
socially acceptable than it was previously, though no one
really knows why, and this too has made it easier for adults
to seek treatment. Recently, more older adults (40 and
over) have sought orthodontics, usually in conjunction
with other treatment to save their teeth. As the population
ages, this is likely to be the fastest-growing type of ortho-
dontic treatment.

Orthodontics has become a more prominent part of
dentistry in recent years and this trend is likely to continue.
The vast majority of individuals who had orthodontic treat
ment feel that they benefited from the treatment and are

FIGURE 1-28

	

The percent of the U.S. population 1989-94
who received orthodontic treatment, as a function of family
income. Although severe malocclusion is recognized as an impor-
tant problem and all states offer at least some coverage to low-
income children through their Medicaid program, this funds
treatment for a very small percentage of the population. Never-
theless, nearly 5% of the lowest income group, and 10%-15% of
intermediate income groups, have had some orthodontic treat-
ment. The increasing availability of orthodontics in recent years
is reflected in the larger number of youths than adults who
report being treated.

pleased with the result. Not all patients have the dramatic
changes in dental and facial appearance shown in Figures
1-5 to 1-10, but nearly all recognize an improvement in
both dental condition and psychologic well-being.
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THE DEVELOPMENT OF
ORTHODONTIC PROBLEMS

Malocclusion and dentofacial deformity arise through variations in the normal develop-
mental process, and so must be evaluated against a perspective of normal development.

Because orthodontic treatment often involves manipulation of skeletal growth, clinical
orthodontics requires an understanding not only of dental development but also of more
general concepts of physical growth and of physiologic and psychosocial development.

This section begins in Chapter 2 with a discussion of basic concepts in growth and
development. A brief discussion of psychologic development is included, emphasizing
emotional and cognitive development, as well as how the dentist can utilize this informa
tion to communicate with children and adolescents. Information on physical growth and
dental development at the various stages is then presented sequentially in Chapters 3 and
4, beginning with prenatal growth and extending into adult life where developmental
changes continue at a slower pace. The etiology of malocclusion and special develop-
mental problems in children with malocclusion and dentofacial deformity are considered
in some detail in Chapter 5.



Concepts of growth and Development

Growth: pattern, variability, and timing

Methods for studying physical growth

Measurement approaches

Experimental approaches

The nature of skeletal growth

Sites and types of growth in the craniofacial complex

Cranial vault

Cranial base

Maxilla (nasomaxillary complex)

Mandible

Theories of growth control

Level of growth control: sites vs. centers of growth

Cartilage as a determinant of craniofacial growth

Functional matrix theory of growth

Social and behavioral development

Learning and the development of behavior

Stages of emotional and cognitive development

A thorough background in craniofacial growth and devel-
opment is necessary for every dentist. Even for those who
never work with children, it is difficult to comprehend
conditions observed in adults without understanding the
developmental processes that produced these problems.
For those who do interact professionally with children-
and almost every dentist does so at least occasionally-it is
important to distinguish normal variation from the effects
of abnormal or pathologic processes. Since dentists and
orthodontists are heavily involved in the development of
not just the dentition but the entire dentofacial complex, a
conscientious practitioner may be able to manipulate facial
growth for the benefit of the patient. Obviously, it is not

possible to do so without a thorough understanding of
both the pattern of normal growth and the mechanisms
that underlie it.

The very terms growth and development can cause
difficulties in understanding. Growth and development,
though closely related, are not synonymous. In conversa
tional English, growth usually refers to an increase in size,
but tends to be linked more to change than anything else.
Only if growth meant change, after all, could someone se-
riously speak of a period of economic recession as one of
"negative economic growth." Since some tissues grow
rapidly and then shrink or disappear, a plot of physical
growth versus time may include a negative phase. On the
other hand, if growth is defined solely as a process of
change, the term becomes almost meaningless. As a general
term, development connotes an increasing degree of orga-
nization, often with unfortunate consequences for the nat-
ural environment. In this chapter, the term growth usually
refers to an increase in size or number. Occasionally, how-
ever, the increase will be in neither size nor number, but in
complexity. More often, the term development will be used
to refer to an increase in complexity. Development carries
an overtone of increasing specialization, so that one price
of increased development is a loss of potential. Growth is
largely an anatomic phenomenon, whereas development is
physiologic and behavioral.

It should be kept in mind that although dentists work
with the physical features of the teeth and face, a major rea-
son for orthodontic treatment is its psychosocial effects.
Furthermore, patient cooperation is necessary-eliciting it
in children of different ages requires a knowledge of social
and behavioral development. Both physiologic and psy-
chosocial development are important subjects for this
chapter. For convenience, not because they are innately
more important, physical growth concepts are presented
first and then developmental factors are reviewed.
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FIGURE 2-1

	

Schematic representation of the changes in overall body proportions during
normal growth and development. After the third month of fetal life, the proportion of total body
size contributed by the head and face steadily declines. (Redrawn from Robbins WJ et al: Growth,
New Haven, 1928, Yale University Press.)

GROWTH: PATTERN, VARIABILITY,
AND TIMING

In studies of growth and development, the concept of pat-
tern is an important one. In a general sense, pattern (as in
the pattern from which articles of clothing of different sizes
are cut) reflects proportionality, usually of a complex set of
proportions rather than just a single proportional relation-
ship. Pattern in growth also represents proportionality, but
in a still more complex way, because it refers not just to a
set of proportional relationships at a point in time, but to
the change in these proportional relationships over time. In
other words, the physical arrangement of the body at any
one time is a pattern of spatially proportioned parts. But
there is a higher level pattern, the pattern of growth, which
refers to the changes in these spatial proportions over time.

Figure 2-1 illustrates the change in overall body pro-
portions that occurs during normal growth and develop-
ment. In fetal life, at about the third month of intrauterine
development, the head takes up almost 50% of the total
body length. At this stage, the cranium is large relative to
the face and represents more than half the total head. In
contrast, the limbs are still rudimentary and the trunk is
underdeveloped. By the time of birth, the trunk and limbs
have grown faster than the head and face, so that the pro-
portion of the entire body devoted to the head has de-
creased to about 30%. The overall pattern of growth there-
after follows this course, with a progressive reduction of the
relative size of the head to about 12 % of the adult. At birth
the legs represent about one third of the total body length,
while in the adult they represent about half. As Figure 2-1

illustrates, there is more growth of the lower limbs than the
upper limbs during postnatal life. All of these changes,
which are a part of the normal growth pattern, reflect the
"cephalocaudal gradient of growth." This simply means
that there is an axis of increased growth extending from the
head toward the feet.

Another aspect of the normal growth pattern is that
not all the tissue systems of the body grow at the same rate
(Figure 2-2). Obviously, the muscular and skeletal elements
grow faster than the brain and central nervous system, as
reflected in the relative decrease of head size. The overall
pattern of growth is a reflection of the growth of the vari-
ous tissues making up the whole organism. To put it differ-
ently, one reason for gradients of growth is that different
tissue systems that grow at different rates are concentrated
in various parts of the body.

Even within the head and face, the cephalocaudal
growth gradient strongly affects proportions and leads to
changes in proportion with growth (Figure 2-3). When the
skull of a newborn infant is compared proportionally with
that of an adult, it is easy to see that the infant has a rela-
tively much larger cranium and a much smaller face. This
change in proportionality, with an emphasis on growth of
the face relative to the cranium, is an important aspect of
the pattern of facial growth. When the facial growth pat-
tern is viewed against the perspective of the cephalocaudal
gradient, it is not surprising that the mandible, being fur-
ther away from the brain, tends to grow more and later
than the maxilla, which is closer.

An important aspect of pattern is its predictability.
Patterns repeat, whether in the organization of different
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FIGURE 2-2 Scammon's curves for growth of the four
major tissue systems of the body. As the graph indicates, growth
of the neural tissues is nearly complete by 6 or 7 years of age.
General body tissues, including muscle, bone and viscera, show
an S-shaped curve, with a definite slowing of the rate of growth
during childhood and an acceleration at puberty. Lymphoid tis-
sues proliferate far beyond the adult amount in late childhood,
and then undergo involution at the same time that growth of
the genital tissues accelerates rapidly. (From Scammon RD: The
measurement of the body in childhood. In Harris JA (editor): The
measurement of man, Minneapolis, 1930, University of Min-
nesota Press.)

colored tiles in the design of a floor or in skeletal propor-
tions changing over time. The proportional relationships
within a pattern can be specified mathematically, and the
only difference between a growth pattern and a geometric
one is the addition of a time dimension. Thinking about
pattern in this way allows one to be more precise in defin-
ing what constitutes a change in pattern. Change, clearly,
would denote an alteration in the predictable pattern of
mathematical relationships. A change in growth pattern
would indicate some alteration in the expected changes in
body proportions.

A second important concept in the study of growth and
development is variability. Obviously, everyone is not alike
in the way that they grow as in everything else. It can be dif
ficult, but clinically very important, to decide whether an
individual is merely at the extreme of the normal variation
or falls outside the normal range.

Rather than categorizing people as normal or abnor-
mal, it is more useful to think in terms of deviations from
the usual pattern and to express variability quantitatively.
One way to do this is to evaluate a given child relative to
peers on a standard growth chart (Figure 2-4). Although
charts of this type are commonly used for height and
weight, the growth of any part of the body can be plotted
in this way. The "normal variability," as derived from
large-scale studies of groups of children, is shown by the
solid lines on the graphs. An individual who stood exactly
at the midpoint of the normal distribution would fall along
the 50% line of the graph. One who was larger than 90%
of the population would plot above the 90% line; one who
was smaller than 90% of the population would plot below
the 10% line.

FIGURE 2-3

	

Changes in proportions of the head and face during growth. At birth, the face
and jaws are relatively underdeveloped compared with their extent in the adult. As a result, there
is much more growth of facial than cranial structures postnatally. (Redrawn from Lowery GH:
Growth and development of children, ed 6, Chicago, 1973, Mosby.)



CHAPTER 2

	

Concepts of Growth and Development

	

2 7

FIGURE 2-4

	

Growth of a normal girl plotted on the female chart. Note that this girl re-
mained at about the seventy-fifth percentile for height and weight over this entire period of
observation. (Data from Hamill et al: National Center for Health Statistics, 1979; chart copyright
Ross Laboratories, 1980.)
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FIGURE 2-5

	

Growth of a boy plotted on the male chart. Note the change in pattern between
age 10 and 11, reflecting the impact of a serious illness on growth beginning at that time, with
partial recovery after age 13 but a continuing effect on growth.
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These charts can be used in two ways to determine
whether growth is normal or abnormal. First, the location
of an individual relative to the group can be established. A
general guideline is that a child who falls beyond the range
of 97% of the population should receive special study be-
fore being accepted as just an extreme of the normal popu-
lation. Second and perhaps more importantly, growth
charts can be used to follow a child over time to evaluate
whether there is an unexpected change in growth pattern
(Figure 2-5). Pattern implies predictability. For the growth
charts, this means that a child's growth should plot along
the same percentile line at all ages. If the percentile posi-
tion of an individual relative to his or her peer group
changes, especially if there is a marked change, the clinician
should suspect some growth abnormality and should inves-
tigate further. Inevitably, there is a gray area at the extremes
of normal variations, at which it is difficult to determine if
growth is normal.

A final major concept in physical growth and develop-
ment is that of timing. Variability in growth arises in sev-
eral ways: from normal variation, from influences outside
the normal experience (e.g., serious illness), and from tim-
ing effects. Variation in timing arises because the same
event happens for different individuals at different times-
or, viewed differently, the biologic clocks of different indi-
viduals are set differently.

Variations in growth and development because of tim-
ing are particularly evident in human adolescence. Some
children grow rapidly and mature early, completing their
growth quickly and thereby appearing on the high side of
developmental charts until their growth ceases and their
contemporaries begin to catch up. Others grow and de-
velop slowly, and so appear to be behind even though, given
time, they will catch up with and even surpass children who
once were larger. All children undergo a spurt of growth at
adolescence, which can be seen more clearly by plotting
change in height or weight (Figure 2-6), but the growth
spurt occurs at different times in different individuals.

Growth effects because of timing variation can be seen
particularly clearly in girls, in whom the onset of menstru-
ation, often referred to as menarche, gives an excellent in
dicator of the arrival of sexual maturity. Sexual maturation
is accompanied by a spurt in growth. When the growth
velocity curves for early, average, and late maturing girls
are compared in Figure 2-7, the marked differences in sizes
between these girls during growth are apparent. At age 11,
the early maturing girl is already past the peak of her ado-
lescent growth spurt, whereas the late maturing girl has not
even begun to grow rapidly. This sort of timing variation,
which occurs in many ways other than that shown here, can
be an important contributor to variability.

Because of time and variability, chronologic age often
is not a good indicator of the individual's growth status.
Although age is usually measured chronologically as the
amount of time since birth or conception, it is also possible
to measure age biologically, in terms of progress toward

FIGURE 2-6 Growth can be plotted either in height or
weight at any age (the black line here) or the amount of change in
any given interval (the red line here, showing the same data as the
black line). A curve like the black line is called a "distance curve,"
where the red line is a "velocity curve." Plotting velocity rather
than distance makes it easier to see when accelerations and decel-
erations in the rate of growth occurred. These data are for the
growth of one individual, the son of a French aristocrat in the late
eighteenth century, whose growth followed the typical pattern.
Note the acceleration of growth at adolescence, which occurred
for this individual at about age 14. (Redrawn from Tanner JM:
Growth at adolescence, ed 2, Oxford, 1962, Blackwell Scientific
Publications.)

FIGURE 2-7

	

Growth velocity curves for early, average, and
late maturing girls. It is interesting to note that the earlier the
adolescent growth spurt occurs, the more intense it appears to be.
Obviously, at age 11 or 12, an early maturing girl would be con-
siderably larger than one who matured late. In each case, the on-
set of menstruation (menarche) (M1, M2, and M3) came after the
peak of growth velocity.
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Years Before and After Time of Maximum Velocity

FIGURE 2-8

	

Velocity curves for four girls with quite differ-
ent times of menarche, replotted using menarche as a zero time
point. It is apparent that the growth pattern in each case is quite
similar, with almost all of the variations resulting from timing.

FIGURE 2-9

	

Craniometric studies are based on measure-
ments between landmarks on dried skulls, typically those found in
skeletal remains of early people.

study in some detail, and the detailed study may be de-
structive. For this reason, such experimental studies are
largely restricted to non-human species.

various developmental markers or stages. Timing variability
can be reduced by using developmental age rather than
chronologic age as an expression of an individual's growth
status. For instance, if data for gain in height for girls are
replotted, using menarche as a reference time point (Figure
2-8), it is apparent that girls who mature early, average, or
late really follow a very similar growth pattern. This graph
substitutes stage of sexual development for chronologic time,
to produce a biologic time scale, and shows that the pattern
is expressed at different times chronologically but not at dif-
ferent times physiologically. The effectiveness of biologic or
developmental ages in reducing timing variability makes this
approach useful in evaluating a child's growth status.

METHODS FOR STUDYING
PHYSICAL GROWTH

Before beginning the examination of growth data, it is
important to have a reasonable idea of how the data were
obtained. There are two basic approaches to studying
physical growth. The first is based on techniques for mea-
suring living animals (including humans), with the impli-
cation that the measurement itself does no harm and that
the animal will be available for additional measurements at
another time. The second approach uses experiments in
which growth is manipulated in some way. This implies
that the subject of the experiment will be available for

Measurement Approaches
The first of the measurement approaches for studying
growth, with which the science of physical anthropology
began, is craniometry, based on measurements of skulls
found among human skeletal remains (Figure 2-9). Cran-
iometry was originally used to study the Neanderthal and
Cro-Magnon peoples whose skulls were found in European
caves in the eighteenth and nineteenth centuries. From
such skeletal material, it has been possible to piece together
a great deal of knowledge about extinct populations and to
get some idea of their pattern of growth by comparing one
skull with another. Cramometry has the advantage that
rather precise measurements can be made on dry skulls; it
has the important disadvantage for growth studies that, by
necessity, all these growth data must be cross-sectional.
Cross-sectional means that although different ages are
represented in the population, the same individual can be
measured at only one point in time.

It is also possible to measure skeletal dimensions on
living individuals. In this technique, called anthropometry,
various landmarks established in studies of dry skulls are
measured in living individuals simply by using soft tissue
points overlying these bony landmarks. For example, it is
possible to measure the length of the cranium from a point
at the bridge of the nose to a point at the greatest convex-
ity of the rear of the skull. This measurement can be made
on either a dried skull or a living individual, but results
would be different because of the soft tissue thickness over-
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FIGURE 2-10

	

A cephalometric radiograph merits this name because of the use of a head positioning
device to provide precise orientation of the head. This means that valid comparisons can be made between
external and internal dimensions in members of the same population group, or that the same individual
can be measured at two points in time, because the head orientation is reproducible. This film was taken
i n natural head position (NHP) (see Chapter 6).

lying both landmarks. Although the soft tissue introduces
variation, anthropometry does make it possible to follow
the growth of an individual directly, making the same mea-
surements repeatedly at different times. This produces lon-
gitudinal data: repeated measures of the same individual. In
recent years, Farkas' anthropometric studies have provided
valuable new data for human facial proportions and their
changes over time.'

The third measurement technique, cephalometric radi-
ology, is of considerable importance not only in the study
of growth but also in clinical evaluation of orthodontic pa
tients. The technique depends on precisely orienting the
head before making a radiograph with equally precise con-
trol of magnification. This approach can combine the
advantages of craniometry and anthropometry. It allows a
direct measurement of bony skeletal dimensions, since the
bone can be seen through the soft tissue covering in a
radiograph (Figure 2-10), but it also allows the same indi-
vidual to be followed over time. The disadvantage of a
cephalometric radiograph is that it produces a two-
dimensional representation of a three-dimensional struc-
ture, and so even with precise head positioning, not all
measurements are possible. To some extent, this can be
overcome by making more than one radiograph at differ-
ent orientations and using triangulation to calculate
oblique distances. The general pattern of craniofacial
growth was known from craniometric and anthropomet-
ric studies before cephalometric radiography was in-

vented, but much of the current picture of craniofacial
growth is based on cephalometric studies.

Both anthropometric and cephalometric data can be
expressed cross-sectionally rather than longitudinally. Ob-
viously, it would be much easier and quicker to do a cross
sectional study, gathering data once for any individual and
including subjects of different ages, rather than spending
many years on a study in which the same individuals were
measured repeatedly. For this reason, most studies are
cross-sectional. When this approach is used, however, vari-
ability within the sample can conceal details of the growth
pattern, particularly when there is no correction for timing
variation (Figure 2-11). Fluctuations in the growth curve
that may occur for nearly every individual would be seen in
a cross-sectional study only if they occurred at the same
time for each person, which is unlikely. Longitudinal stud-
ies are efficient in the sense that a great deal of information
can be gained from a relatively small number of subjects,
fewer than would be needed in a cross-sectional study. In
addition, the longitudinal data highlight individual varia-
tions, particularly variations caused by timing effects.

Measurement data can be presented graphically in a
number of different ways, and frequently it is possible to clar-
ify growth changes by varying the method of display. For ex
ample, we have already seen that growth data can be pre-
sented by plotting the size attained as a function of age, which
is called a "distance" curve, or as a "velocity" curve, showing
not the total length but the increment added each year (see
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FIGURE 2-13

	

In the early 1900s, D'Arcy Thompson showed
that mathematical transformation of a grid could account for
the changes in the shape of the face from man (A) to chimpanzee
(B), monkey (C), dog (D) or other animals. Application of this
method revealed previously unsuspected similarities among vari-
ous species. (Redrawn from Thompson JT: On growth and form,

Cambridge, Mass., 1971, Cambridge University Press.)

FIGURE 2-11

	

If growth velocity data for a group of individ-
uals with a different timing of the adolescent growth spurt are
plotted on a chronologic scale, it is apparent that the average
curve is not an accurate representation of the pattern of growth
for any particular individual. This smoothing of individual varia-
tion is a characteristic of cross-sectional data and a major limita-
tion inuse of the cross-sectional method for studies of growth.
Only by following individuals through time in a longitudinal
study is it possible to see the details of growth patterns.

FIGURE 2-12

	

Data for the increase in weight of early em-
bryos, with the raw data plotted in black and the same data plot-
ted after logarithmic transformation in red. At this stage, the
weight of the embryo increases dramatically but, as shown by the
straight line after transformation, the rate of multiplication of
individual cells remains fairly constant. When more cells are
present, more divisions can occur, the weight increases faster.
(From Lowery GH: Growth and development of children, ed 8,

Chicago, 1986, Mosby.)

Figure 2-6). Changes in the rate of growth are much more
easily seen in the velocity curve than the distance curve.

Various other mathematical transformations can be
used with growth data to make it easier to understand. For
instance, the growth in weight of any embryo at an early
stage follows a logarithmic or exponential curve, because
the growth is based on division of cells; the more cells there
are, the more cell divisions can occur. If the same data are
plotted using the logarithm of the weight, a straight-line
plot is attained (Figure 2-12). This demonstrates that the
rate of multiplication for cells in the embryo is remaining
more or less constant.

More complex mathematical transformations were
used many years ago by D'Arcy Thompson 2 to reveal sim-
ilarities in proportions and growth changes that had not
previously been suspected (Figure 2-13). To correctly in-
terpret data after mathematical transformation, it is impor-
tant to understand how the data were transformed, but the
approach is a powerful one in clarifying growth concepts.

Experimental Approaches
Much has been learned about skeletal growth using the
technique called vital staining, in which dyes that stain
mineralizing tissues (or occasionally, soft tissues) are in-
jected into an animal. These dyes remain in the bones and
teeth and can be detected later after sacrifice of the animal.
This method was originated by the great English anatomist
John Hunter in the eighteenth century. Hunter observed
that the bones of pigs that occasionally were fed textile
waste were often stained in an interesting way. He discov-
ered that the active agent was a dye called alizarin, which
still is used for vital staining studies (Figure 2-14). Alizarin
reacts strongly with calcium at sites where bone calcifica-
tion is occurring. Since these are the sites of active skeletal
growth, the dye marks the locations at which active growth
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FIGURE 2-14

	

A, The mandible of a rat that received three injections of alizarin at 3-week intervals and
was sacrificed 2 weeks after the last injection. Remodeling of the bone as it grows blurs some of the injection
lines, but sequential lines in the condylar process can be seen clearly. B, Section through the zygomatic arch,
from the same animal. The zygomatic arch grows outward by apposition of bone on the outer surface and
removal from the inner surface. The interruptions in the staining lines on the inner surface clearly show the
areas where bone is being removed. What was the outer surface of the zygomatic arch at one point becomes
the inner surface a relatively short time later, and then is removed.

was occurring when it was injected. Bone remodels rapidly,
and areas from which bone is being removed also can be
identified by the fact that vital stained material has been re-
moved from these locations. Highly-detailed studies of
bony changes in craniofacial development in experimental
animals now are available. 3

Although studies using vital stains are not possible in
humans, vital staining can occur. Many children born in the
late 1950s and early 1960s were treated for recurrent infec
tions with the antibiotic tetracycline. It was discovered too
late that tetracycline is an excellent vital stain that binds to
calcium at growth sites in the same way as alizarin. The dis-
coloration of incisor teeth that results from tetracycline
given when the teeth are mineralizing has been an esthetic
disaster for some individuals (Figure 2-15), and therefore
tetracycline rarely is used now for infections in children.

FIGURE 2-15

	

Tetracycline staining in the teeth of a boy who re-
ceived large doses of tetracycline because of repeated upper respira-
tory infections in early childhood. From the location of the staining,
it is apparent that tetracycline was not administered in infancy but
was given in large doses beginning when the crowns of the central
incisors were about half formed, or at approximately 30 months.
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FIGURE 2-16

	

Autoradiographs of fetal rat bones growing in organ culture, with
1 4C-proline and 3 H-thymidine incorporated in the culture medium. Thymidine is in-
corporated into DNA, which is replicated when a cell divides, so labeled nuclei are
those of cells that underwent mitosis in culture. Because proline is a major constituent
of collagen, cytoplasmic labeling indicates areas where proline was incorporated,
primarily into extracellularly secreted collagen. A, Normal growth in the medium,
with many labeled cells and heavy incorporation of proline. B, Decreased growth in a
bone grown with a small amount of bacterial endotoxin added to the culture.

With the development of radioactive tracers, it has be-
come possible to use almost any radioactively labeled
metabolite that becomes incorporated into the tissues as a
sort of vital stain. The location is detected by the weak ra-
dioactivity given off at the site where the material was in-
corporated. The gamma-emitting isotope 99m Tc can be
used to detect areas of rapid bone growth in humans, but
these images are more useful in diagnosis of localized
growth problems (see Chapter 21) than for studies of
growth patterns. For most studies of growth, radioactively
labeled materials in the tissues of experimental animals are
detected by the technique of autoradiography, in which a
film emulsion is placed over a thin section of tissue con-
taining the isotope and then is exposed in the dark by the
radiation. After the film is developed, the location of the
radiation that indicates where growth is occurring can be
observed by looking at the tissue section through the film
(Figure 2-16).

Rapid advances in molecular genetics are providing
new information about growth and its control. For exam-
ple, the whole family of transforming growth-factor beta
genes now are known to be important in regulating cell
growth and organ development. Bone morphogenetic
proteins that directly affect skeletal development and
show clinical promise in improving healing after fractures
were identified in the mid-1990s, 4 and a gene that con-
trols muscle size was identified recently' Because bone

remodels in response to forces on it, genetic alterations
that affect muscle also would affect the skeleton. Experi-
ments that clarify how growth is controlled at the cellular
level offer exciting prospects for better control of growth
in the future.

Another experimental method, applicable to studies
of humans, is implant radiography. In this technique, in-
ert metal pins are placed in bones anywhere in the skele
ton, including the face and jaws. These metal pins are well
tolerated by the skeleton and become permanently incor-
porated into the bone without causing any problems (Fig-
ure 2-17). If metallic implants are placed in the jaws, a
considerable increase in the accuracy of a longitudinal
cephalometric analysis of growth pattern can be achieved.
This method of study, developed by Professor Arne Bjork
and coworkers at the Royal Dental College in Copen-
hagen, Denmark, and used extensively by workers there
(see Chapter 4), has provided important new information
about the growth pattern of the jaws. The metal pins stay
where they were placed within the bones in the absence of
infection or inflammation, which is rarely a problem. Su-
perimposing cephalometric radiographs on the implanted
pins allows precise observation of both changes in the
position of one bone relative to another and changes in
the external contours of individual bones. Before radio-
graphic studies using implants, the extent of remodeling
changes in the contours of the jaw bones was underesti-
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FIGURE 2-17 Lateral cephalometric radiograph from the
archives of Bjork's implant studies, showing a subject with six
maxillary and five mandibular tantalum implants. (Courtesy
Professor Beni Solow, Department of Orthodontics, University
of Copenhagen.)

mated, and the rotational pattern of jaw growth described
in Chapter 4 was not appreciated. Precise evaluation of
dentofacial growth in humans still is done best by implant
radiography.

THE NATURE OF SKELETAL GROWTH

At the cellular level, there are only three possibilities for
growth. The first is an increase in the size of individual
cells, which is referred to as hypertrophy. The second pos-
sibility is an increase in the number of the cells, which is
called hyperplasin. The third is for the cells to secrete
extracellular material, thus contributing to an increase in
size independent of the number or size of the cells them-
selves.

In fact, all three of these processes occur in skeletal
growth. Hyperplasia is a prominent feature of all forms of
growth. Hypertrophy occurs in a number of special cir
cumstances but is a less important mechanism than hyper-
plasia in most instances. Although tissues throughout the
body secrete extracellular material, this phenomenon is
particularly important in the growth of the skeletal system,
where extracellular material later mineralizes.

The fact that the extracellular material of the skeleton
becomes mineralized leads to an important distinction
between growth of the soft or nonmineralized tissues of the
body and the hard or calcified tissues. Hard tissues are
bones, teeth, and sometimes cartilages. Soft tissues are
everything else. In most instances, cartilage, particularly
the cartilage significantly involved in growth, behaves like

soft tissue and should be thought of in that group, rather
than as hard tissue.

Growth of soft tissues occurs by a combination of hy-
perplasia and hypertrophy. These processes go on every-
where within the tissues, and the result is what is called in
terstitial growth, which simply means that it occurs at all
points within the tissue. Secretion of extracellular mater-
ial can also accompany interstitial growth, but hyperpla-
sia primarily and hypertrophy secondarily are its charac-
teristics. Interstitial growth is characteristic of nearly all
soft tissues and of uncalcified cartilage within the skeletal
system.

In contrast, when mineralization takes place so that
hard tissue is formed, interstitial growth becomes impossi-
ble. Hyperplasia, hypertrophy, and secretion of extracellu
lar material all are still possible, but in mineralized tissues,
these processes can occur only on the surface, not within
the mineralized mass. Direct addition of new bone to the
surface of existing bone can and does occur through the ac-
tivity of cells in the periosteum-the soft tissue membrane
that covers bone. Formation of new cells occurs in the pe-
riosteum, and extracellular material secreted there is min-
eralized and becomes new bone. This process is called di-
rect or surface apposition of bone. Interstitial growth is a
prominent aspect of overall skeletal growth because a ma-
jor portion of the skeletal system is originally modeled in
cartilage. This includes the basal part of the skull as well as
the trunk and limbs.

Figure 2-18 shows the cartilaginous or chondrocra-
nium at 8 and 12 weeks of intrauterine development. The
height of cartilaginous skeletal development occurs dur
ing the third month of intrauterine life. A continuous
plate of cartilage extends from the nasal capsule posteri-
orly all the way to the foramen magnum at the base of the
skull. It must be kept in mind that cartilage is a nearly
avascular tissue whose internal cells are supplied by diffu-
sion through the outer layers. This means, of course, that
the cartilage must be thin. At early stages in development,
the extremely small size of the embryo makes a chon-
droskeleton feasible, but with further growth, such an
arrangement is no longer possible without an internal
blood supply.

During the fourth month in utero, there is an in-
growth of blood vascular elements into various points of
the chondrocranium (and the other parts of the early car
tilaginous skeleton). These areas become centers of ossifi-
cation, at which cartilage is transformed into bone, and is-
lands of bone appear in the sea of surrounding cartilage
(see Figure 2-18, B). The cartilage continues to grow
rapidly but is replaced by bone with equal rapidity. The re-
sult is that the relative amount of bone increases rapidly
and the relative (but not the absolute) amount of cartilage
decreases. Eventually, the old chondrocranium is repre-
sented only by small areas of cartilage interposed between
large sections of bone, which assume the characteristic
form of the ethmoid, sphenoid, and basioccipital bones.
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FIGURE 2-18

	

Development and maturation of the chondrocranium (cartilage: pink; bone: stippled
red). A, Diagrammatic representation at about 8 weeks. Note that an essentially solid bar of cartilage
extends from the nasal capsule anteriorly to the occipital area posteriorly. B, Skeletal development at
12 weeks. Ossification centers have appeared in the midline cartilage structures, and in addition, in-
tramembranous bone formation of the jaws and brain case has begun. From this point on, bone replaces
cartilage of the original chondrocranium rapidly, so that only the small cartilaginous synchondroses con-
necting the bones of the cranial base remain.

Growth at these cartilaginous connections between the
skeletal bones is similar to growth in the limbs.

In the long bones of the extremities, areas of ossifica-
tion appear in the center of the bones and at the ends, ul-
timately producing a central shaft called the diaphysis and
a bony cap on each end called the epiphysis. Between the
epiphysis and diaphysis is a remaining area of uncalcified
cartilage called the epiphyseal plate (Figure 2-19). The epi-
physeal plate cartilage of the long bones is a major center
for their growth, and in fact this cartilage is responsible
for almost all growth in length of these bones. The pe-
riosteum on the surface of the bones also plays an impor-
tant role in adding to thickness and in reshaping the
external contours.

Near the outer end of each epiphyseal plate is a zone
of actively dividing cartilage cells. Some of these, pushed
toward the diaphysis by proliferative activity beneath, un
dergo hypertrophy, secrete an extracellular matrix, and
eventually degenerate as the matrix begins to mineralize
and then is rapidly replaced by bone (see Figure 2-19). As
long as the rate at which cartilage cells proliferate is equal
to or greater than the rate at which they mature, growth
will continue. Eventually, however, toward the end of the
normal growth period, the rate of maturation exceeds the
rate of proliferation, the last of the cartilage is replaced by
bone, and the epiphyseal plate disappears. At that point,
the growth of the bone is complete, except for surface
changes in thickness, which can be produced by the
periosteum.

Not all bones of the adult skeleton were represented
in the embryonic cartilaginous model, and it is possible for
bone to form by secretion of bone matrix directly within

FIGURE 2-19

	

Endochondral ossification at an epiphyseal
plate. Growth occurs by proliferation of cartilage, occurring here
at the top. Maturing cartilage cells are displaced away from the
area of proliferation, undergo hypertrophy, degenerate, and are
replaced by spicules of bone, as seen in the bottom.

connective tissues, without any intermediate formation of
cartilage. Bone formation of this type is called intramem-

branous bone formation. This type of ossification occurs in
the cranial vault and both jaws (Figure 2-20).

Early in embryonic life, the mandible of higher ani-
mals develops in the same area as the cartilage of the first
pharyngeal arch-Meckel's cartilage. It would seem that
the mandible should be a bony replacement for this carti-
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FIGURE 2-20

	

The bones of the skull of a 12-week-old fetus,
drawn from a cleared alizarin-stained specimen. (Redrawn from
Langman J: Medical embryology, ed 4, Baltimore, 1984, Williams &
Wilkins.)

FIGURE 2-21

	

Diagrammatic representation of the relation of
initial bone formation in the mandible to Meckel's cartilage and the
inferior alveolar nerve. Bone formation begins just lateral to
Meckel's cartilage and spreads posteriorly along it without any direct
replacement of the cartilage by the newly forming bone of the
mandible. (Redrawn from Ten Cate AR: Oral histology, St. Louis,
1985, Mosby.)

]age in the same way that the sphenoid bone beneath the
brain replaces the cartilage in that area. In fact, develop-
ment of the mandible begins as a condensation of mes-
enchyme just lateral to Meckel's cartilage and proceeds
entirely as an intramembranous bone formation (Figure
2-21). Meckel's cartilage disintegrates and largely disap-
pears as the bony mandible develops. Remnants of this
cartilage are transformed into a portion of two of the
small bones that form the conductive ossicles of the mid-
dle ear but not into a significant part of the mandible. Its
perichondrium persists as the sphenomandibular liga-
ment. The condylar cartilage develops initially as an in-
dependent secondary cartilage, which is separated by a
considerable gap from the body of the mandible (Figure
2-22). Early in fetal life, it fuses with the developing
mandibular ramus.

The maxilla forms initially from a center of mesenchy-
mal condensation in the maxillary process. This area is lo-
cated on the lateral surface of the nasal capsule, the most
anterior part of the chondrocranium, but although the
growth cartilage contributes to lengthening of the head and
anterior displacement of the maxilla, it does not contribute
directly to formation of the maxillary bone. An accessory
cartilage, the zygomatic or malar cartilage, which forms in
the developing malar process, disappears and is totally re-
placed by bone well before birth, unlike the mandibular
condylar cartilage, which persists.

Whatever the location for intramembranous bone
formation, interstitial growth within the mineralized
mass is impossible, and the bone must be formed en
tirely by apposition of new bone to free surfaces. Its
shape can be changed through removal (resorption) of
bone in one area and addition (apposition) of bone in
another (see Figure 2-13). This balance of apposition
and resorption, with new bone being formed in some ar-
eas while old bone is removed in others, is an essential
component of the growth process. Remodeling of this
type is seen at the surfaces of bones that are growing
primarily by endochondral replacement as well as in
bones that formed directly within a connective tissue
membrane.

FIGURE 2-22

	

The condylar cartilage (pink) develops initially as a separate area of conden-
sation from that of the body of the mandible, and only later is incorporated within it. A, Sepa-
rate areas of mesenchymal condensation, at 8 weeks; B, fusion of the cartilage with the mandibu-
lar body, at 4 months, C, situation at birth (reduced to scale).
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SITES AND TYPES OF GROWTH IN THE
CRANIOFACIAL COMPLEX

To understand growth in any area of the body, it is neces-
sary to understand: (1) the sites or location of growth,
(2) the type of growth occurring at that location, and (3) the
determinant or controlling factors in that growth.

For the following discussion of sites and types of
growth, it is convenient to divide the craniofacial complex
into four areas that grow rather differently: (1) the cranial
vault, the bones that cover the upper and outer surface of
the brain; (2) the cranial base, the bony floor under the
brain, which also is the dividing line between the cranium
and the face; (3) the nasomaxillary complex, made up of the
nose, maxilla, and associated small bones; and (4) the
mandible. Determinants or controlling factors, as they are
viewed from the perspective of current theories of growth
control, are discussed in the following section.

Cranial Vault
The cranial vault is made up of a number of flat bones that
are formed directly by intramembranous bone formation,
without cartilaginous precursors. From the time that ossi-
fication begins at a number of centers that foreshadow the
eventual anatomic bony units, the growth process is en-
tirely the result of periosteal activity at the surfaces of the
bones. Remodeling and growth occur primarily at the
periosteum-lined contact areas between adjacent skull
bones, the cranial sutures, but periosteal activity also changes
both the inner and outer surfaces of these plate-like bones.

At birth, the flat bones of the skull are rather widely
separated by relatively loose connective tissues (Figure
2-23). These open spaces, the fontanelles, allow a consid
erable amount of deformation of the skull at birth. This is

important in allowing the relatively large head to pass
through the birth canal (see Chapter 3 for more detail). Af-
ter birth, apposition of bone along the edges of the
fontanelles eliminates these open spaces fairly quickly, but
the bones remain separated by a thin periosteum-lined su-
ture for many years, eventually fusing in adult life.

Despite their small size, apposition of new bone at
these sutures is the major mechanism for growth of the cra-
nial vault. Although the majority of growth in the cranial
vault occurs at the sutures, there is a tendency for bone to
be removed from the inner surface of the cranial vault,
while at the same time new bone is added on the exterior
surface. This remodeling of the inner and outer surfaces
allows for changes in contour during growth.

Cranial Base
In contrast to the cranial vault, the bones of the base of
the skull (the cranial base) are formed initially in cartilage
and are later transformed by endochondral ossification to
bone. This is particularly true of the midline structures.
As one moves laterally, growth at sutures and surface re-
modeling become more important, but the cranial base is
essentially a midline structure. The situation is more
complicated, however, than in a long bone with its epi-
physeal plates.

As indicated previously, centers of ossification appear
early in embryonic life in the chondrocranium, indicating
the eventual location of the basioccipital, sphenoid, and
ethmoid bones that form the cranial base. As ossification
proceeds, bands of cartilage called synchondroses remain
between the centers of ossification (Figure 2-24). These
important growth sites are the synchondrosis between the
sphenoid and occipital bones, or spheno-occipital synchondro-

sis, the intersphenoid synchondrosis, between two parts of the

FIGURE 2-23

	

The fontanelles of the newborn skull (pink).
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sphenoid bone, and the spheno-ethmoidal synchondrosis, be-
tween the sphenoid and ethmoid bones. Histologically, a
synchondrosis looks like a two-sided epiphyseal plate (Fig-
ure 2-25). The area between the two bones consists of
growing cartilage. The synchondrosis has an area of cellu-
lar hyperplasia in the center with bands of maturing carti-
lage cells extending in both directions, which will eventu-
ally be replaced by bone.

A significant difference from the bones of the extrem-
ities is that immovable joints develop between the bones of
the cranial base, in considerable contrast to the highly mov
able joints of the extremities. The cranial base is thus rather
like a single long bone, except that there are multiple epi-
physeal plate-like synchondroses. Immovable joints also

FIGURE 2-24

	

Diagrammatic representation of the synchon-
droses of the cranial base, showing the location of these important
growth sites.

occur between most of the other cranial and facial bones,
the mandible being the only exception. The periosteum-
lined sutures of the cranium and face, containing no carti-
lage, are quite different from the cartilaginous synchon-
droses of the cranial base.

Maxilla (Nasomaxillary Complex)
The maxilla develops postnatally entirely by intramembra-
nous ossification. Since there is no cartilage replacement,
growth occurs in two ways: (1) by apposition of bone at the
sutures that connect the maxilla to the cranium and cranial
base and (2) by surface remodeling. In contrast to the cra-
nial vault, however, surface changes in the maxilla are quite
dramatic and as important as changes at the sutures.

The growth pattern of the face requires that it grow
"out from under the cranium," which means that the
maxilla must move through growth a considerable dis
tance downward and forward relative to the cranium and
cranial base. As Figure 2-26 illustrates, the sutures at-
taching the maxilla posteriorly and superiorly are ideally
situated to allow its downward and forward repositioning.
As the downward and forward movement occurs, the
space that would otherwise open up at the sutures is filled
in by proliferation of bone at these locations. The sutures
remain the same width, and the various processes of the
maxilla become longer. Bone apposition occurs on both
sides of a suture, so the bones to which the maxilla is at-
tached also become larger. Part of the posterior border of
the maxilla is a free surface in the tuberosity region. Bone
is added at this surface, creating additional space into
which the primary and then the permanent molar teeth
successively erupt.

FIGURE 2-25

	

Diagrammatic representation of growth at
the intersphenoid synchondrosis. A band of immature proliferat-
ing cartilage cells is located at the center of the synchondrosis,
while a band of maturing cartilage cells extends in both directions
away from the center, and endochondral ossification occurs at
both margins. Growth at the synchondrosis lengthens this area
of the cranial base. Even within the cranial base, bone remodel-
ing on surfaces is also important-it is the mechanism by which
the sphenoid sinus(es) enlarges, for instance.

FIGURE 2-26

	

As growth ofsurrounding soft tissues translates
the maxilla downward and forward, opening up space at its supe-
rior and posterior sutural attachments, new bone is added on both
sides of the sutures. (Redrawn from Enlow DH, Hans MG:
Essentials offacial growth, Philadelphia, 1996, W B. Saunders.)
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FIGURE 2-27

	

As the maxilla is carried downward and for-
ward, its anterior surface tends to resorb. Resorption surfaces are
shown here in pink. Only a small area around the anterior nasal
spine is an exception. (Redrawn from Enlow DH, Hans MG:
Essentials offacial growth, Philadelphia, 1996, W B. Saunders.)

FIGURE 2-28

	

Surface remodeling of a bone in the opposite
direction to that in which it is being translated by growth of adja-
cent structures creates a situation analogous to this cartoon, in
which the wall is being rebuilt to move it backward at the same
time the platform on which it is mounted is being moved forward.
(Redrawn from Enlow DH, Hans MG: Essentials offacial growth,
Philadelphia, 1996, W B. Saunders.)

Interestingly, as the maxilla grows downward and for-
ward, its front surfaces are remodeled, and bone is removed
from most of the anterior surface. Note in Figure 2-27 that
almost the entire anterior surface of the maxilla is an area
of resorption, not apposition. It might seem logical that if
the anterior surface of the bone is moving downward and
forward, this should be an area to which bone is added, not
one from which it is removed. The correct concept, how-
ever, is that bone is removed from the anterior surface
although the anterior surface is growing forward.

To understand this seeming paradox, it is necessary to
comprehend that two quite different processes are going
on simultaneously. The overall growth changes are the re
sult of both a downward and forward translation of the
maxilla and a simultaneous surface remodeling. The whole
bony nasomaxillary complex is moving downward and for-
ward relative to the cranium, being translated in space.
Enlow, 8 whose careful anatomic studies of the facial skele-
ton underlie much of our present understanding, has illus-
trated this in cartoon form (Figure 2-28). The maxilla is
like the platform on wheels, being rolled forward, while at
the same time its surface, represented by the wall in the
cartoon, is being reduced on its anterior side and built up
posteriorly, moving in space opposite to the direction of
overall growth.

It is not necessarily true that remodeling changes op-
pose the direction of translation. Depending on the specific
location, translation and remodeling may either oppose
each other or produce an additive effect. The effect is ad-
ditive, for instance, on the roof of the mouth. This area is
carried downward and forward along with the rest of the
maxilla, but at the same time bone is removed on the nasal
side and added on the oral side, thus creating an additional
downward and forward movement of the palate (Figure
2-29). Immediately adjacently, however, the anterior part

FIGURE 2-29

	

Remodeling of the palatal vault (which is also
the floor of the nose) moves it in the same direction as it is being
translated; bone is removed from the floor of the nose and added
to the roof of the mouth. On the anterior surface, however, bone
is removed, partially canceling the forward translation. As the
vault moves downward, the same process of bone remodeling
also widens it. (Redrawn from Enlow DH, Hans MB: Essentials
offacial growth, Philadelphia, 1996, W B. Saunders.)

of the alveolar process is a resorptive area, so removal of
bone from the surface here tends to cancel some of the
forward growth that otherwise would occur because of
translation of the entire maxilla.

Mandible
In contrast to the maxilla, both endochondral and pe-
riosteal activity are important in growth of the mandible.
Cartilage covers the surface of the mandibular condyle at
the temporomandibular joint. Although this cartilage is not



CHAPTER 2

	

Concepts of Growth and Development

	

41

FIGURE 2-30

	

A, Growth of the mandible, as viewed from the perspective of a stable cranial base: the chin
moves downward and forward. B, Mandibular growth, as viewed from the perspective of vital staining studies,
which reveal minimal changes in the body and chin area, while there is exceptional growth and remodeling of the
ramus, moving it posteriorly. The correct concept of mandibular growth is that the mandible is translated down-
ward and forward and grows upward and backward in response to this translation, maintaining its contact with
the skull.

like the cartilage at an epiphyseal plate or a synchondrosis,
hyperplasia, hypertrophy and endochondral replacement
do occur there. All other areas of the mandible are formed
and grow by direct surface apposition and remodeling.

The overall pattern of growth of the mandible can be
represented in two ways, as shown in Figure 2-30. De-
pending on the frame of reference, both are correct. If the
cranium is the reference area, the chin moves downward
and forward. On the other hand, if data from vital staining
experiments are examined, it becomes apparent that the
principal sites of growth of the mandible are the posterior
surface of the ramus and the condylar and coronoid
processes. There is little change along the anterior part of
the mandible. From this frame of reference, Figure 2-30, B,
is the correct representation.

As a growth site, the chin is almost inactive. It is trans-
lated downward and forward, as the actual growth occurs at
the mandibular condyle and along the posterior surface of
the ramus. The body of the mandible grows longer by pe-
riosteal apposition of bone on its posterior surface, while
the ramus grows higher by endochondral replacement at
the condyle accompanied by surface remodeling. Concep-
tually, it is correct to view the mandible as being translated
downward and forward, while at the same time increasing
in size by growing upward and backward. The translation
occurs largely as the bone moves downward and forward
along with the soft tissues in which it is embedded.

Nowhere is there a better example of remodeling re-
sorption than in the backward movement of the ramus of
the mandible. The mandible grows longer by apposition of
new bone on the posterior surface of the ramus. At the
same time, large quantities of bone are removed from the
anterior surface of the ramus (Figure 2-31). In essence, the
body of the mandible grows longer as the ramus moves
away from the chin, and this occurs by removal of bone
from the anterior surface of the ramus and deposition of
bone on the posterior surface. On first examination, one
might expect a growth center somewhere underneath the

FIGURE 2-31

	

As the mandible grows in length, the ramus is
extensively remodeled, so much so that bone at the tip of the
condylar process at an early age can be found at the anterior
surface of the ramus some years later. Given the extent of surface
remodeling changes, it is an obvious error to emphasize endo-
chondral bone formation at the condyle as the major mechanism
for growth of the mandible. (Redrawn from Enlow DH, Hans MG:
Emntialsoffacialgrowth, Philadelphia, 1996, WB. Saunders.)

teeth, so that the chin could grow forward away from the
ramus. But that is not possible, since there is no cartilage
and interstitial bone growth cannot occur. Instead, the ra-
mus remodels. What was the posterior surface at one time
becomes the center at a later date and eventually may
become the anterior surface as remodeling proceeds.
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In infancy, the ramus is located at about the spot
where the primary first molar will erupt. Progressive pos-
terior remodeling creates space for the second primary
molar and then for the sequential eruption of the perma-
nent molar teeth. More often than not, however, this
growth ceases before enough space has been created for
eruption of the third permanent molar, which becomes
impacted in the ramus.

THEORIES OF GROWTH CONTROL

It is a truism that growth is strongly influenced by genetic
factors, but it also can be significantly affected by the envi-
ronment, in the form of nutritional status, degree of phys-
ical activity, health or illness, and a number of similar fac-
tors. Since a major part of the need for orthodontic
treatment is created by disproportionate growth of the
jaws, in order to understand the etiologic processes of mal-
occlusion and dentofacial deformity, it is necessary to learn
how facial growth is influenced and controlled. Great
strides have been made in recent years in improving the un-
derstanding of growth control. Exactly what determines
the growth of the jaws, however, remains unclear and
continues to be the subject of intensive research.

Three major theories in recent years have attempted to
explain the determinants of craniofacial growth: (1) bone,
like other tissues, is the primary determinant of its own
growth; (2) cartilage is the primary determinant of skeletal
growth, while bone responds secondarily and passively; and
(3) the soft tissue matrix in which the skeletal elements are
embedded is the primary determinant of growth, and both
bone and cartilage are secondary followers.

The major difference in the theories is the location at
which genetic control is expressed. The first theory implies
that genetic control is expressed directly at the level of the
bone, and therefore its locus should be the periosteum.
The second, or cartilage, theory suggests that genetic con-
trol is expressed in the cartilage, while bone responds pas-
sively to being displaced. This indirect genetic control is
called epigenetic. The third theory assumes that genetic
control is mediated to a large extent outside the skeletal
system and that growth of both bone and cartilage is con-
trolled epigenetically, occurring only in response to a sig-
nal from other tissues. In contemporary thought, the truth
is to be found in some synthesis of the second and third
theories, while the first, though it was the dominant view
until the 1960s, has largely been discarded.

Level of Growth Control: Sites versus
Centers of Growth
Distinguishing between a site of growth and a center of
growth clarifies the differences between the theories of
growth control. A site of growth is merely a location at
which growth occurs, whereas a center is a location at which
independent (genetically controlled) growth occurs. All

centers of growth also are sites, but the reverse is not true.
A major impetus to the theory that the tissues that form
bone carry with them their own stimulus to do so came from
the observation that the overall pattern of craniofacial
growth is remarkably constant. The constancy of the
growth pattern was interpreted to mean that the major sites
of growth were also centers. Particularly, the sutures be-
tween the membranous bones of the cranium and jaws were
considered growth centers, along with the sites of endo-
chondral ossification in the cranial base and at the mandibu-
lar condyle. Growth, in this view, was the result of the ex-
pression at all these sites of a genetic program. The
translation of the maxilla, therefore, was the result of pres-
sure created by growth of the sutures, so that the bones were
literally pushed apart.

If this theory were correct, growth at the sutures
should occur largely independently of the environment,
and it would not be possible to change the expression of
growth at the sutures very much. While this was the dom-
inant theory of growth, few attempts were made to modify
facial growth because orthodontists "knew" that it could
not be done.

It is clear now that sutures, and the periosteal tissues
more generally, are not primary determinants of craniofa-
cial growth. Two lines of evidence lead to this conclusion.
The first is that when an area of the suture between two fa-
cial bones is transplanted to another location (to a pouch in
the abdomen, for instance), the tissue does not continue to
grow. This indicates a lack of innate growth potential in the
sutures. Second, it can be seen that growth at sutures will
respond to outside influences under a number of circum-
stances. If cranial or facial bones are mechanically pulled
apart at the sutures, new bone will fill in, and the bones will
become larger than they would have been otherwise (see
Figure 2-26). If a suture is compressed, growth at that site
will be impeded. Thus sutures must be considered areas
that react-not primary determinants. The sutures of the
maxilla are sites of growth but are not growth centers.

Cartilage as a Determinant
of Craniofacial Growth
The second major theory is that the determinant of cran-
iofacial growth is growth of cartilages. The fact that, for
many bones, cartilage does the growing while bone
merely replaces it makes this theory attractive for the
bones of the jaws. If cartilaginous growth were the pri-
mary influence, the cartilage at the condyle of the
mandible could be considered as a pacemaker for growth
of that bone, and the remodeling of the ramus and other
surface changes could be viewed as secondary to the pri-
mary cartilaginous growth.

One way to visualize the mandible is by imagining that
it is like the diaphysis of a long bone, bent into a horseshoe
with the epiphyses removed, so that there is cartilage repre
senting "half an epiphyseal plate" at the ends, which repre-
sent the mandibular condyles (Figure 2-32). If this were the
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FIGURE 2-32

	

The mandible was once viewed conceptually
as being analogous to a long bone that had been modified by
(1) removal of the epiphysis, leaving the epiphyseal plates ex-
posed, and (2) bending of the shaft into a horseshoe shape. If this
analogy were correct, of course, the cartilage at the mandibular
condyles should behave like true growth cartilage. Modern ex-
periments indicate that, although the analogy is attractive, it is
incorrect.

true situation, then indeed the cartilage at the mandibular
condyle should act as a growth center, behaving basically
like an epiphyseal growth cartilage (Figure 2-33).

Growth of the maxilla is more difficult but not impos-
sible to explain on a cartilage theory basis. Although there
is no cartilage in the maxilla itself, there is cartilage in the
nasal septum, and the nasomaxillary complex grows as a
unit. Proponents of the cartilage theory hypothesize that
the cartilaginous nasal septum serves as a pacemaker for
other aspects of maxillary growth. 9 Note in Figure 2-34
that the cartilage is located so that its growth could easily
lead to a downward and forward translation of the maxilla.
If the sutures of the maxilla served as reactive areas, as they
seem to do, then they would respond to this translation by
forming new bone when the sutures were pulled apart by
forces from the growing cartilage. Although the amount of
nasal septal cartilage reduces as growth continues, cartilage
persists in this area throughout life, and the pacemaker role
is certainly possible.

Two kinds of experiments have been carried out to test
the idea that cartilage can serve as a true growth center.
These involve an analysis of the results of transplanting
cartilage and an evaluation of the effect on growth of re-
moving cartilage at an early age.

Transplantation experiments demonstrate that not all
skeletal cartilage acts the same when transplanted.10 If a
piece of the epiphyseal plate of a long bone is transplanted,
it will continue to grow in a new location or in culture, in-
dicating that these cartilages do have innate growth po-
tential. Cartilage from the spheno-occipital synchondrosis
of the cranial base also grows when transplanted, but not
as well. It is difficult to obtain cartilage from the cranial
base to transplant, particularly at an early age when the

FIGURE 2-33

	

Endochondral ossification at the head of the
mandibular condyle. A zone of proliferating cartilage is located
just beneath the fibrocartilage on the articular surface, and en-
dochondral ossification is occurring beneath this area. Compare
the pattern of cellular activity to that of an epiphyseal plate (see
Figure 2-18).

FIGURE 2-34

	

Diagrammatic representation of the chondro-
cranium at an early stage of development, showing the large
amount ofcartilage in the anterior region that eventually becomes
the cartilaginous nasal septum.

cartilage is actively growing under normal conditions; per-
haps this explains why it does not grow in vitro as much as
epiphyseal plate cartilage. In early experiments, trans-
planting cartilage from the nasal septum gave equivocal re-
sults: sometimes it grew, sometimes it did not. In more
precise recent experiments, however, nasal septal cartilage
was found to grow nearly as well in culture as epiphyseal
plate cartilage." Little or no growth was observed when
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FIGURE 2-35

	

The effect of removing the cartilaginous nasal
septum on forward growth of the snout in the rabbit. A, Normal
control. B, Litter mate in whom the cartilaginous nasal septum
was removed soon after birth. The deficient forward growth of
the nasomaxillary complex after this surgery is apparent. (From
Sarnat BG. In McNamara JA Jr. (editor): Factors affecting the
growth of the midface, Ann Arbor, Mich., 1976, University of
Michigan Center for Human Growth and Development.)

the mandibular condyle was transplanted, 12 and cartilage
from the mandibular condyle showed significantly less
growth in culture than the other cartilages." From these
experiments, the other cartilages appear capable of acting
as growth centers, but the mandibular condyle does not.

Experiments to test the effect of removing cartilages
are also informative. The basic idea is that if removing a
cartilaginous area stops or diminishes growth, perhaps it
really was an important center for growth. The impact on
a growing rabbit of having a segment of cartilaginous nasal
septum removed is shown in Figure 2-35. Obviously, extir-
pating a young rabbit's septum causes a considerable deficit
in growth of the midface. It does not necessarily follow,
however, that the entire effect on growth in such experi-
ments results from loss of the cartilage. It can be argued
that the surgery itself and the accompanying interference
with blood supply to the area, not the loss of the cartilage,
cause the growth changes.

There are few reported cases of early loss of the carti-
laginous nasal septum in humans. One individual in whom

FIGURE 2-36

	

Profile view of a man whose cartilaginous
nasal septum was removed at age 8, after an injury. The obvious
midface deficiency developed after the septum was removed.

the entire septum was removed at age 8 after an injury is
shown in Figure 2-36. It is apparent that a midface defi-
ciency developed, but one cannot confidently attribute this
to the loss of the cartilage. Nevertheless, the loss of growth
in experimental animals when this cartilage is removed is
great enough to lead most observers to conclude that the
septal cartilage does have some innate growth potential,
whose loss makes a difference in maxillary growth.

The neck of the mandibular condyle is a relatively
fragile area. When the side of the jaw is struck sharply, the
mandible often fractures just below the opposite condyle.
When this happens, the condyle fragment is usually re-
tracted well away from its previous location by the pull of
the lateral pterygoid muscle (Figure 2-37). The condyle lit-
erally has been removed when this occurs, and it resorbs
over a period of time. Condylar fractures occur relatively
frequently in children. If the condyle was an important
growth center, one would expect to see severe growth im-
pairment after such an injury at an early age. As recently as
the 1960s, it was stated in standard texts that fracture of the
mandibular condyle at an early age did invariably lead to se-
vere growth disturbances.

Two excellent studies carried out in Scandinavia dis-
proved this contention. Both Gilhuus-Moe 14 and Lund 15
demonstrated that after fracture of the mandibular condyle
in a child, there was an excellent chance that the condylar
process would regenerate to approximately its original size
and a small chance that it would overgrow after the injury.
In experimental animals, after a fracture, all of the original
bone and cartilage resorbs, and a new condyle regenerates
directly from periosteum at the fracture site. Eventually, a
new layer of cartilage forms at the condylar surface. Al-
though there is no direct evidence that the cartilage layer
itself regenerates in children after condylar fractures, it is
likely that this occurs in humans also.
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FIGURE 2-37

	

A blow to one side of the mandible may
fracture the condylar process on the opposite side. When this
happens, the pull of the lateral pterygoid muscle distracts the
condylar fragment including all the cartilage, and it subse-
quently resorbs.

However, in 15% to 20% of the Scandinavian children
studied who suffered a condylar fracture, there was a re-
duction in growth after the injury. Similar findings have
been reported elsewhere.' 6 This growth reduction seems
to relate to the amount of trauma to the soft tissues and the
resultant scarring in the area. The mechanism by which
this occurs is discussed in the following section.

In summary, it appears that epiphyseal cartilages and
(probably) the cranial base synchondroses can and do act as
independently growing centers, as can the nasal septum
(perhaps to a lesser extent). Neither transplantation exper-
iments nor experiments in which the condyle is removed
lend any support to the idea that the cartilage of the
mandibular condyle is an important center.' 7 It appears
that the growth at the mandibular condyles is much more
analogous to growth at the sutures of the maxilla-entirely
reactive-than to growth at an epiphyseal plate.

Functional Matrix Theory of Growth
If neither bone nor cartilage were the determinant for
growth of the craniofacial skeleton, it would appear that the
control would have to lie in the adjacent soft tissues. This
point of view was put formally in the 1960s by Moss, in his
"functional matrix theory" of growth, and reviewed and up-
dated recently by him. 18 While granting the innate growth
potential of cartilages of the long bones, his theory holds
that neither the cartilage of the mandibular condyle nor the
nasal septum cartilage is a determinant of jaw growth. In-
stead, he theorizes that growth of the face occurs as a re-
sponse to functional needs and neurotrophic influences,
and is mediated by the soft tissue in which the jaws are em-

bedded. In this conceptual view, the soft tissues grow, and
both bone and cartilage react.

The growth of the cranium illustrates this view of skele-
tal growth very well. There can be little question that the
growth of the cranial vault is a direct response to the growth
of the brain. Pressure exerted by the growing brain sepa-
rates the cranial bones at the sutures, and new bone pas-
sively fills in at these sites so that the brain case fits the brain.

This phenomenon can be seen readily in humans in
two experiments of nature (Figure 2-38). First, when the
brain is very small, the cranium is also very small, and the
condition of microcephaly results. In this case, the size of
the head is an accurate representation of the size of the
brain. A second natural experiment is the condition called
hydrocephaly. In this case, reabsorption of cerebrospinal
fluid is impeded, the fluid accumulates, and intracranial
pressure builds up. The increased intracranial pressure im-
pedes development of the brain, so the hydrocephalic may
have a small brain and be mentally retarded; but this con-
dition also leads to an enormous growth of the cranial
vault. Uncontrolled hydrocephaly may lead to a cranium
two or three times its normal size, with enormously en-
larged frontal, parietal, and occipital bones. This is perhaps
the clearest example of a "functional matrix" in operation.
Another excellent example is the relationship between the
size of the eye and the size of the orbit. An enlarged eye or
small eye will cause a corresponding change in the size of
the orbital cavity. In this instance, the eye is the functional
matrix.

Moss theorizes that the major determinant of growth
of the maxilla and mandible is the enlargement of the nasal
and oral cavities, which grow in response to functional
needs. The theory does not make it clear how functional
needs are transmitted to the tissues around the mouth and
nose, but it does predict that the cartilages of the nasal sep-
tum and mandibular condyles are not important determi-
nants of growth and that their loss would have little effect
on growth if proper function could be obtained. From the
view of this theory, however, absence of normal function
would have wide-ranging effects.

We have already noted that in 75% to 80% of human
children who suffer a condylar fracture, the resulting loss of
the condyle does not impede mandibular growth. The
condyle regenerates very nicely. What about the 20% to
25% of children in whom a growth deficit occurs after
condylar fracture?19 Could some interference with func-
tion be the reason for the growth deficiency?

The answer seems to be a clear yes. It has been known
for many years that mandibular growth is greatly impaired
by an ankylosis (Figure 2-39), defined as a fusion across the
joint so that motion is prevented or extremely limited.
Mandibular ankylosis can develop in a number of ways. For
instance, one possible cause is a severe infection in the area
of the temporomandibular joint, leading to destruction of
tissues and ultimate scarring. Another cause, of course, is
trauma, which can result in a growth deficiency if there is
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FIGURE 2-38

	

A, The brain case of an anencephalic full-term infant (left); in comparison with a
facially-normal stillborn infant. Note the failure of the bony covering of the brain to develop in the ab-
sence of the brain. If the brain were very small, the brain case would also be small. B, The skull of a
young child with hydrocephaly. Note the tremendous enlargement of the brain case in response to the
increased intracranial pressure. C, Superior (left) and front (right) views of the skull of an individual with
scaphocephaly, in which the midsagittal suture fuses prematurely. Note the absence of the midsagittal
suture and the extremely narrow width of the cranium. In compensation for its inability to grow later-
ally, the brain and brain case have become abnormally long posteriorly. (C from Proffit WR, White RP:
Surgical-orthodontic treatment, St. Louis, 1991, Mosby.)
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FIGURE 2-39

	

Profile view of a girl in whom a severe infec-
tion of the mastoid air cells involved the temporomandibular joint
and led to ankylosis of the mandible. The resulting restriction of
mandibular growth is apparent.

enough soft tissue injury to lead to severe scarring as the in-
jury heals. It appears that the mechanical restriction caused
by scar tissue in the vicinity of the temporomandibular
j oint impedes translation of the mandible as the adjacent
soft tissues grow, and that this is the reason for growth de-
ficiency in some children after condylar fractures.

It is interesting, and potentially quite significant clini-
cally, that under some circumstances bone can be induced
to grow at surgically-created sites by the method called dis
traction osteogenesis (Figure 2-40). The Russian surgeon
Alizarov discovered in the 1950s that if cuts were made
through the cortex of a long bone of the limbs, the arm or
leg then could be lengthened by tension to separate the
bony segments. Current research shows that the best re-
sults are obtained if this type of distraction starts after a few
days of initial healing and callus formation and if the seg-
ments are separated at a rate of a 0.5-1.5 millimeters per
day (see Figure 2-40). 2° Surprisingly large amounts of new
bone can form at the surgical site, lengthening the arm or
leg by several centimeters in some cases. Distraction osteo-
genesis now is widely used to correct limb deformities, es-
pecially after injury but also in patients with congenital
problems.

The bone of the mandible is quite similar in its inter-
nal structure to the bone of the limbs, 21 even though its de-
velopmental course is rather different. Lengthening the

FIGURE 2-40

	

Diagrammatic representation of distraction
osteogenesis in a long bone. The drawing represents the situation
after a bone cuts through the cortex, initial healing, and then a few
weeks of distraction. In the center, a fibrous radiolucent interzone
with longitudinally oriented collagen bundles in the area where
lengthening of the bone is occurring. Proliferating fibroblasts and
undifferentiated mesenchymal cells are found throughout this
area. Osteoblasts appear at the edge of the interzone. On both
sides of the interzone, a rich blood supply is present in a zone of
mineralization. Beneath that, a zone of remodeling exists. This
sequence of formation of a stretched collagen matrix, mineraliza-
tion, and remodeling is typical of distraction osteogenesis. (Re-
drawn from Samchukov et al. In McNamara J, Trotman C (edi-
tors): Distraction osteogenesis and tissue engineering, Ann Arbor,
Mich., 1998, University of Michigan Center for Human Growth
and Development.)

mandible via distraction osteogenesis clearly is possible
(Figure 2-41), but a number of practical problems still must
be overcome before this approach can be used to correct
mandibular deficiency. The bone of the maxilla and other
facial structures is much less like the limb bones, and it is
less clear that distraction techniques can be applied to these
structures. In a sense, inducing growth by separating cra-
nial and facial bones at their sutures is a distraction method.
Manipulating maxillary growth by influencing growth at
the sutures has been a major part of orthodontic treatment
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for many years. At this writing, the differences in reactions
to distraction between the facial bones and the bones of the
limbs still are being evaluated, but rapid advances in both
biologic understanding and distraction mechanisms sug-
gest that distraction osteogenesis will be clinically useful in
orthodontics, at least to lengthen the mandible, in the near
future.' 2 The current status of distraction osteogenesis as a
method to correct deficient growth in the face and jaws is
reviewed in some detail in Chapter 22.

In summary, it appears that growth of the cranium
occurs almost entirely in response to growth of the brain.

FIGURE 2-41

	

External fixation for lengthening the mandible
by distraction osteogenesis in a child with hemifacial microsomia.

Growth of the cranial base is primarily the result of endo-
chondral growth and bony replacement at the synchon-
droses, which have independent growth potential but per-
haps are influenced by the growth of the brain. Growth of
the maxilla and its associated structures occurs from a com-
bination of growth at sutures and direct remodeling of the
surfaces of the bone. The maxilla is translated downward
and forward as the face grows, and new bone fills in at the
sutures. The extent to which growth of cartilage of the
nasal septum leads to translation of the maxilla remains un-
known, but both the surrounding soft tissues and this car-
tilage probably contribute to the forward repositioning of
the maxilla. Growth of the mandible occurs by both endo-
chondral proliferation at the condyle and apposition and
resorption of bone at surfaces. It seems clear that the
mandible is translated in space by the growth of muscles
and other adjacent soft tissues and that addition of new
bone at the condyle is in response to the soft tissue changes.

SOCIAL AND BEHAVIORAL DEVELOPMENT

FT McIver and W.R. Profit
Physical growth can be considered the outcome of an in-
teraction between genetically controlled cell proliferation
and environmental influences that modify the genetic pro-
gram. Similarly, behavior can be viewed as the result of an
interaction between innate or instinctual behavioral pat-
terns and behaviors learned after birth. In animals, it ap-
pears that the majority of behaviors are instinctive, al-
though even lower animals are capable of a degree of
learned behavior. In humans, on the other hand, it is gen-
erally conceded that the great majority of behaviors are
learned.

For this reason, it is less easy to construct stages of
behavioral development in humans than stages of physical
development. The higher proportion of learned behavior
means that what might be considered environmental ef-
fects can greatly modify behavior. On the other hand,
there are human instinctual behaviors (e.g., the sex drive),
and in a sense, the outcome of behavior hinges on how the
instinctual behavioral urges have been modified by learn-
ing. Another factor that is emerging as an influence on be-
havior is temperament. Children early in infancy appear
to exhibit temperament that influences their behavior.
The impact of temperament on behavior and health is the
subject of considerable current investigation. For all these
reasons, the older the individual, the more complex the
behavioral pattern and the more important the learned
overlay of behavior will be.

In this section, a brief overview of social, cognitive,
and behavioral development is presented, greatly simplify-
ing a complex subject and emphasizing the evaluation and
management of children who will be receiving dental and
orthodontic treatment. First, the process by which behav-
ior can be learned is presented. Second, the structural sub-
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strate of behavior, which appears to relate both to the
organization of the nervous system at various stages and
to emotional components underlying the expression of
behavior, 23-26 will be reviewed. The relevance of the the-
oretical areas discussed to the day-to-day treatment of
patients is emphasized.

Learning and the Development of Behavior
The basic mechanisms of learning appear to be essentially
the same at all ages. As learning proceeds, more complex
skills and behaviors appear, but it is difficult to define the
process in distinct stages-a continuous flow model ap-
pears more appropriate. It is important to remember that
this discussion is of the development of behavioral patterns,
not the acquisition of knowledge or intellectual skills in the
academic sense.

At present, psychologists generally consider that there
are three distinct mechanisms by which behavioral re-
sponses are learned: (1) classical conditioning, (2) operant
conditioning, and (3) observational learning.

Classical Conditioning.

	

Classical conditioning was
first described by the Russian physiologist Ivan Pavlov, who
discovered in the nineteenth century during his studies of
reflexes that apparently unassociated stimuli could produce
reflexive behavior. Pavlov's classic experiments involved the
presentation of food to a hungry animal, along with some
other stimulus, for example, the ringing of a bell. The sight
and sound of food normally elicit salivation by a reflex
mechanism. If a bell is rung each time food is presented, the
auditory stimulus of the ringing bell will become associated
with the food presentation stimulus, and in a relatively
short time, the ringing of a bell by itself will elicit saliva-
tion. Classical conditioning, then, operates by the simple
process of association of one stimulus with another. For

that reason, this mode of learning is sometimes referred to
as learning by association. 27

Classical conditioning occurs readily with young chil-
dren and can have a considerable impact on a young child's
behavior on the first visit to a dental office. By the time a
child is brought for the first visit to a dentist, even if that
visit is at an early age, it is highly likely that he or she will
have had many experiences with pediatricians and medical
personnel. When a child experiences pain, the reflex reac-
tion is crying and withdrawal. In Pavlovian terms, the in-
fliction of pain is an unconditioned stimulus, but a number
of aspects of the setting in which the pain occurs can come
to be associated with this unconditioned stimulus.

For instance, it is unusual for a child to encounter
people who are dressed entirely in white uniforms or long
white coats. If the unconditioned stimulus of painful
treatment comes to be associated with the conditioned
stimulus of white coats (Figure 2-42), a child may cry and
withdraw immediately at the first sight of a white-coated
dentist or dental assistant. In this case, the child has
learned to associate the conditioned stimulus of pain and
the unconditioned stimulus of a white-coated adult, and
the mere sight of the white coat is enough to produce the
reflex behavior initially associated with pain.

Associations of this type tend to become generalized.
Painful and unpleasant experiences associated with medical
treatment can become generalized to the atmosphere of a
physician's office, so that the whole atmosphere of a wait-
ing room, receptionist, and other waiting children may
produce crying and withdrawal after several experiences in
the physician's office, even if there is no sign of a white coat.

Because of this association, behavior management in
the dentist's office is easier if the dental office looks as lit-
tle like the typical pediatrician's office or hospital clinic as

FIGURE 2-42

	

Classical conditioning causes an originally neutral stimulus to become associated with
one that leads to a specific reaction. lf individuals in white coats are the ones who give painful injections
that cause crying, the sight of an individual in a white coat soon may provoke an outburst of crying.



50

	

SECTION II

	

The Development of Orthodontic Problems

possible. In practices where the dentist and auxiliaries
work with young children, they have found that it is help-
ful in reducing children's anxiety if their appearance is dif-
ferent from that associated with the physician. It also helps
if they can make the child's first visit as different as possi-
ble from the previous visits to the physician. Treatment
that might produce pain should be avoided if at all possi-
ble on the first visit to the dental office.

The association between a conditioned and an uncon-
ditioned stimulus is strengthened or reinforced every time
they occur together (Figure 2-43). Every time a child is
taken to a hospital clinic where something painful is done,
the association between pain and the general atmosphere of
that clinic becomes stronger, as the child becomes more
sure of his conclusion that bad things happen in such a
place. Conversely, if the association between a conditioned
and an unconditioned stimulus is not reinforced, the asso-
ciation between them will become less strong, and eventu-
ally the conditioned response will no longer occur. This
phenomenon is referred to as extinction of the conditioned
behavior. Once a conditioned response has been estab-
lished, it is necessary to reinforce it only occasionally to
maintain it. If the conditioned association of pain with the
doctor's office is strong, it can take many visits without un-
pleasant experiences and pain to extinguish the associated
crying and avoidance.

The opposite of generalization of a conditioned stim-
ulus is discrimination. The conditioned association of
white coats with pain can easily be generalized to any office
setting. If a child is taken into other office settings that are
somewhat different from the one where painful things hap-
pen, a dental office, for instance, where painful injections
are not necessary, a discrimination between the two types
of offices soon will develop and the generalized response to
any office as a place where painful things occur will be ex-
tinguished.

Operant Conditioning.

	

Operant conditioning, which
can be viewed conceptually as a significant extension of
classical conditioning, has been emphasized by the preem
inent behavioral theorist of recent years, B.F. Skinner.
Skinner contended that the most complex human behav-
iors can be explained by operant conditioning. 28,2

9 His
theories, which downplay the role of the individual's con-

FIGURE 2-44 Operant conditioning differs from classical
conditioning in that the consequence of a behavior is considered
a stimulus for future behavior. This means that the consequence
of any particular response will affect the probability of that re-
sponse occurring again in a similar situation.

scions determination in favor of unconscious determined
behavior, have met with much resistance but have been
remarkably successful in explaining many aspects of social
behavior far too complicated to be understood from the
perspective of classical conditioning.

Since the theory of operant conditioning explains-or
attempts to explain-complex behavior, it is not surprising
that the theory itself is more complex. Although it is not
possible here to explore operant conditioning in any detail,
a brief overview is presented as an aid in understanding the
acquisition of behavior that older children are likely to
demonstrate in the dentist's or orthodontist's office.

The basic principle of operant conditioning is that the
consequence of a behavior is in itself a stimulus that can af-
fect future behavior (Figure 2-44). In other words, the con
sequence that follows a response will alter the probability
of that response occurring again in a similar situation. In
classical conditioning, a stimulus leads to a response; in op-
erant conditioning, a response becomes a further stimulus.
The general rule is that if the consequence of a certain re-
sponse is pleasant or desirable, that response is more likely
to be used again in the future; but if a particular response
produces an unpleasant consequence, the probability of
that response being used in the future is diminished.

Skinner described four basic types of operant condi-
tioning, distinguished by the nature of the consequence
(Figure 2-45). The first of these is positive reinforcement. If a
pleasant consequence follows a response, the response has
been positively reinforced, and the behavior that led to this
pleasant consequence becomes more likely in the future.
For example, if a child is given a reward such as a toy for be-

FIGURE 2-43

	

Every time they occur, the association between a conditioned and unconditioned stimu-
lus is strengthened. This process is called reinforcement.
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having well during her first dental visit, she is more likely
to behave well during future dental visits; her behavior was
positively reinforced.

A second type of operant conditioning, called negative
reinforcement, involves the withdrawal of an unpleasant
stimulus after a response. Like positive reinforcement, neg
ative reinforcement increases the likelihood of a response
in the future. In this context, the word negative is some-
what misleading. It merely refers to the fact that the re-
sponse that is reinforced is a response that leads to the re-
moval of an undesirable stimulus. Note that negative
reinforcement is not a synonym for the term punishment,
discussed at right.

As an example, a child who views a visit to the hospital
clinic as an unpleasant experience may throw a temper
tantrum at the prospect of having to go there. If this be
havior (response) succeeds in allowing the child to escape
the visit to the clinic, the behavior has been negatively
reinforced and is more likely to occur the next time a visit
to the clinic is proposed. The same can be true, of course,
in the dentist's office. If behavior considered unacceptable
by the dentist and his staff nevertheless succeeds in allow-
ing the child to escape from dental treatment, that behav-
ior has been negatively reinforced and is more likely to oc-
cur the next time the child is in the dental office. In dental
practice, it is important to reinforce only desired behavior,
and it is equally important to avoid reinforcing behavior
that is not desired.

The other two types of operant conditioning decrease
the likelihood of a response. The third type, omission (also
called time-out), involves removal of a pleasant stimulus
after a particular response. For example, if a child who
throws a temper tantrum has his favorite toy taken away for
a short time as a consequence of this behavior, the proba-
bility of similar misbehavior is decreased. Because children
are likely to regard attention by others as a very pleasant

stimulus, withholding attention following undesirable be-
havior is a use of omission that is likely to reduce the un-
wanted behavior.

The fourth type of operant conditioning, punishment,
occurs when an unpleasant stimulus is presented after a re-
sponse. This also decreases the probability that the behavior
that prompted punishment will occur in the future. Punish-
ment, like the other forms of operant conditioning, is effec-
tive at all ages, not just with children. For example, if the
dentist with his new sports car receives a ticket for driving
50 miles per hour down a street marked for 35 miles per
hour, he is likely to drive more slowly down that particular
street in the future, particularly if he thinks that the same
radar speed trap is still operating. Punishment, of course, has
traditionally been used as a method of behavior modification
in children, more so in some societies than others.

In general, positive and negative reinforcement are
the most suitable types of operant conditioning for use in
the dental office, particularly for motivating orthodontic
patients who must cooperate at home even more than in
the dental office. Both types of reinforcement increase the
likelihood of a particular behavior recurring, rather than
attempting to suppress a behavior as punishment and
omission do. Simply praising a child for desirable behav-
ior produces positive reinforcement, and additional posi-
tive reinforcement can be achieved by presenting some
tangible reward.

Older children are just as susceptible to positive rein-
forcement as younger ones. Adolescents in the orthodon-
tic treatment age, for instance, can obtain positive rein
forcement from a simple pin saying, "World's Greatest
Orthodontic Patient" or something similar. A reward sys-
tem, perhaps providing a T-shirt with some slogan as a
prize for three consecutive appointments with good hy-
giene, is another simple example of positive reinforcement
(Figure 2-46).

FIGURE 2-45

	

The four basic types ofoperant conditioning.
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FIGURE 2-46

	

This 8-year-old boy is being positively rein-
forced by receiving a "terrific patient" button after his visit to the
dentist. The same methods work well for older orthodontic pa-
tients, who enjoy receiving a button or T-shirt saying something
like, "Braces are beautiful".

Negative reinforcement, which also accentuates the
probability of any given behavior, is more difficult to utilize
as a behavioral management tool in the dental office, but it
can be used effectively if the circumstances permit. If a
child is concerned about a treatment procedure but be-
haves well and understands that the procedure has been
shortened because of his good behavior, the desired behav-
ior has been negatively reinforced. In orthodontic treat-
ment, long bonding and banding appointments may go
more efficiently and smoothly if the child understands that
his helpful behavior has shortened the procedure and
reduced the possibility that the procedure will need to be
redone.

The other two types of operant conditioning, omission
and punishment, should be used sparingly and with caution
in the dental office. Since a positive stimulus is removed in
omission, the child may react with anger or frustration.
When punishment is used, both fear and anger sometimes
result. In fact, punishment can lead to a classically condi-
tioned fear response. Obviously, it is a good idea for the
dentist and staff to avoid creating fear and anger in a child
(or adult) patient, and thus these two types of operant con-
ditioning should be used cautiously.

One mild form of punishment that can be used with
children is called "voice control." Voice control involves
speaking to the child in a firm voice to gain his (or her) at
tention, telling him that his present behavior is unaccept-
able, and directing him as to how he should behave. This
technique should be used with care and the child should be
immediately rewarded for an improvement in his behavior.

It is most effective when a warm, caring relationship has
been established between the dental team and the patient.31

There is no doubt that operant conditioning can be
used to modify behavior in individuals of any age, and that
it forms the basis for many of the behavior patterns of life.
Behavioral theorists believe that operant conditioning
forms the pattern of essentially all behavior, not just the rel-
atively superficial ones. Whether or not this is true, oper-
ant conditioning is a powerful tool for learning of behavior
and an important influence throughout life.

Concepts of reinforcement as opposed to extinction,
and generalization as opposed to discrimination, apply to
operant conditioning as well as to classical conditioning.
In operant conditioning, of course, the concepts apply to
the situation in which a response leads to a particular con-
sequence, not to the conditioned stimulus that directly
controls the conditioned response. Positive or negative
reinforcement becomes even more effective if repeated,
although it is not necessary to provide a reward at every
visit to the dental office to obtain positive reinforcement.
Similarly, conditioning obtained through positive rein-
forcement can be extinguished if the desired behavior is
now followed by omission, punishment, or simply a lack of
further positive reinforcement.

Operant conditioning that occurs in one situation can
also be generalized to similar situations. For example, a
child who has been positively reinforced for good behavior
in the pediatrician's office is likely to behave well on the
first visit to a similarly equipped dentist's office because he
or she will anticipate a reward at the dentist's also, based on
an assessment of the similarity of the situation. A child who
continues to be rewarded for good behavior in the pedia-
trician's office but does not receive similar rewards in the
dentist's office, however, will learn to discriminate between
the two situations and may eventually behave better for the
pediatrician than for the dentist.

Observational Learning (Modeling).

	

Another po-
tent way that behavior is acquired is through imitation of
behavior observed in a social context. This type of learning
appears to be distinct from learning by either classical or
operant conditioning. Acquisition of behavior through im-
itation of the behavior of others, of course, is entirely com-
patible with both classical and operant conditioning. Some
theorists 32 emphasize the importance of learning by imita-
tion in a social context, whereas others, especially Skinner
and his followers, 30 argue that conditioning is more impor-
tant although recognizing that learning by imitation can
occur. It certainly seems that much of a child's behavior in
a dental office can be learned from observing siblings, other
children, or even parents.

There are two distinct stages in observational learning:
acquisition of the behavior by observing it, and the actual
performance of that behavior (Figure 2-47). A child can ob
serve many behaviors and thereby acquire the potential to
perform them, without immediately demonstrating or per-
forming that behavior. Children are capable of acquiring
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FIGURE 2-47

	

Observational learning: a child acquires a be-
havior by first observing it and then actually performing it. For
that reason, allowing a younger child to observe an older one
calmly receiving dental treatment greatly increases the chance
that he will behave in the same way when it is his turn to be
treated.

almost any behavior that they observe closely and that is not
too complex for them to perform at their level of physical
development. A child is exposed to a tremendous range of
possible behaviors, most of which he acquires even though
the behavior may not be expressed immediately or ever.

Whether a child will actually perform an acquired be-
havior depends on several factors. Important among these
are the characteristics of the role model. If the model is
liked or respected, the child is more likely to imitate him or
her. For this reason, a parent or older sibling is often the
object of imitation by the child. For children in the ele-
mentary and junior high school age groups, peers within
their own age group, or individuals slightly older, are in-
creasingly important role models, while the influence of
parents and older siblings decreases. For adolescents, the
peer group is the major source of role models.

Another important influence on whether a behavior is
performed is the expected consequences of the behavior. If
a child observes an older sibling refuse to obey his father's
command and then sees punishment follow this refusal, he

is less likely to defy the father on a future occasion, but he
probably still has acquired the behavior, and if he should
become defiant, is likely to stage it in a similar way.

Observational learning can be an important tool in
management of dental treatment. If a young child observes
an older sibling undergoing dental treatment without com
plaint or uncooperative behavior, he or she is likely to imi-
tate this behavior. If the older sibling is observed being re-
warded, the younger child will also expect a reward for
behaving well. Because the parent is an important role
model for a young child, the mother's attitude toward den-
tal treatment is likely to influence the child's approach.

Research has demonstrated that one of the best pre-
dictors of how anxious a child will be during dental treat-
ment is how anxious the mother is. A mother who is calm
and relaxed about the prospect of dental treatment teaches
the child by observation that this is the appropriate ap-
proach to being treated, whereas an anxious and alarmed
mother tends to elicit the same set of responses in her child
(see Figure 2-47, A).33,34

Observational learning can be used to advantage in the
design of treatment areas. At one time, it was routine for
dentists to provide small private cubicles in which all pa
tients, children and adults, were treated. The modern
trend, particularly in treatment of children and adolescents
but to some extent with adults also, is to carry out dental
treatment in open areas with several treatment stations.

Sitting in one dental chair watching the dentist work
with someone else in an adjacent chair can provide a great
deal of observational learning about what the experience
will be like. Direct communication among patients, an-
swering questions about exactly what happened, can add
even further learning. Both children and adolescents do
better, it appears, if they are treated in open clinics rather
than in private cubicles, and observational learning plays an
i mportant part in this. The dentist hopes, of course, that
the patient waiting for treatment observes appropriate be-
havior on the part of the patient who is being treated, which
will be the case in a well-managed clinical setting.

Several studies have demonstrated that these behav-
ioral guidance principles do work in a dental treatment set-
ting, and that dentists can learn to be more effective in
guiding the behavior of children. 35-39

Stages of Emotional and Cognitive
Development

Emotional Development.

	

In contrast to continuous
learning by conditioning and observation, both emotional
or personality development and cognitive or intellectual
development seem to pass through relatively discrete
stages. The contemporary description of emotional devel-
opment is based on Sigmund Freud's psychoanalytic theory
of personality development but has been greatly extended
by Erik Erikson.40 Erikson's work, although connected to
Freud's, represents a great departure from psychosexual
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stages as proposed by Freud. His "eight ages of man" illus-
trate a progression through a series of personality develop-
ment stages. In Erikson's view, "psychosocial development
proceeds by critical steps-'critical' being a characteristic
of turning points, of moments of decision between progress
and regression, integration and retardation." In this view,
each developmental stage represents a "psychosocial crisis"
in which individuals are influenced by their social environ-
ment to develop more or less toward one extreme of the
conflicting personality qualities dominant at that stage.

Although chronologic ages are associated with Erik-
son's developmental stages, as in physical development,
the chronologic age varies among individuals but the
sequence of the developmental stages is constant. Rather
differently from physical development, it is possible and
indeed probable that qualities associated with earlier
stages may be evident in later stages because of incom-
plete resolution of the earlier stages.

Erikson's stages of emotional development are as
follows (Figure 2-48):

1. Development of Basic Trust (Birth to 18 Months).
In this initial stage of emotional development a basic
trust-or lack of trust-in the environment is developed.
Successful development of trust depends on a caring and
consistent mother or mother-substitute, who meets both
the physiologic and emotional needs of the infant. There
are strongly held theories but no clear answers to exactly
what constitutes proper mothering, but it is important that
a strong bond develop between parent and child. This bond
must be maintained to allow the child to develop basic trust
in the world. In fact, physical growth can be significantly
retarded unless the child's emotional needs are met by
appropriate mothering.

The syndrome of "maternal deprivation," in which a
child receives inadequate maternal support, is well recog-
nized though fortunately rare. Such infants fail to gain
weight and are retarded in their physical as well as emo-
tional growth (Figure 2-49). The maternal deprivation
must be extreme to produce a deficit in physical growth.

FIGURE 2-49

	

Both these girls are 7 years old. The one on the
left is normal, whereas the one on the right had extreme emotional
neglect from a mother who rejected her. The effect on physical
growth in this "maternal deprivation syndrome" is obvious; fortu-
nately, this condition is rare. The emotional response probably
affects physical growth by altering hormone production, but the
mechanism is not fully understood. (Courtesy Dr. E Debusk.)

Unstable mothering that produces no apparent physical
effects can result in a lack of sense of basic trust. This may
occur in children from broken families or who have lived in
a series of foster homes.

FIGURE 2-48

	

Erikson's stages of emotional development: the sequence is more fixed than the time
when each stage is reached. Some adults never reach the final steps on the developmental staircase.
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The tight bond between parent and child at this early
stage of emotional development is reflected in a strong
sense of "separation anxiety" in the child when separated
from the parent. If it is necessary to provide dental treat-
ment at an early age, it usually is preferable to do so with
the parent present, and if possible, while the child is be-
ing held by one of the parents. At later ages, a child who
never developed a sense of basic trust will have difficulty
entering into situations that require trust and confidence
in another person. Such an individual is likely to be an ex-
tremely frightened and uncooperative patient who needs
special effort to establish rapport and trust with the
dentist and staff.

2. Development of Autonomy (18 Months to 3
Years). Children around the age of 2 often are said to be
undergoing the "terrible two's" because of their uncoop
erative and frequently obnoxious behavior. At this stage of
emotional development, the child is moving away from
the mother and developing a sense of individual identity
or autonomy. Typically, the child struggles to exercise free
choice in his life. He or she varies between being a little
devil who says no to every wish of the parents and insists
on having his own way, and being a little angel who re-
treats to the parents in moments of dependence. The par-
ents and other adults with whom the child reacts at this
stage must protect him against the consequences of dan-
gerous and unacceptable behavior, while providing op-
portunities to develop independent behavior. Consis-
tently enforced limits on behavior at this time allow the
child to further develop trust in a predictable environ-
ment (Figure 2-50).

Failure to develop a proper sense of autonomy results
in the development of doubts in the child's mind about his
ability to stand alone, and this in turn produces doubts
about others. Erikson defines the resulting state as one of
shame, a feeling of having all one's shortcomings exposed.
Autonomy in control of bodily functions is an important
part of this stage, as the young child is toilet trained and
taken out of diapers. At this stage (and later!), wetting one's
pants produces a feeling of shame. This stage is considered
decisive in producing the personality characteristics of love
as opposed to hate, cooperation as opposed to selfishness,
and freedom of expression as opposed to self-consciousness.
To quote Erikson, "From a sense of self-control without a
loss of self-esteem comes a lasting sense of good will and
pride; from a sense of loss of self-control and foreign over-
control come a lasting propensity for doubt and shame. ,40

A key toward obtaining cooperation with treatment
from a child at this stage is to have the child think that
whatever the dentist wants was his or her own choice, not
something required by another person. For a 2-year-old
seeking autonomy, it is all right to open your mouth if you
want to, but almost psychologically unacceptable to do it if
someone tells you to. One way around this is to offer the
child reasonable choices whenever possible, for instance,
either a green or a yellow napkin for the neck.

FIGURE 2-50

	

During the period in which children are de-
veloping autonomy, conflicts with siblings, peers, and parents
can seem never-ending. Consistently enforced limits on behavior
during this stage, often called the "terrible two's", are needed to
allow the child to develop trust in a predictable environment.

A child at this stage who finds the situation threaten-
ing is likely to retreat to mother and be unwilling to sep-
arate from her. Allowing the parent to be present during
treatment may be needed for even the simplest proce-
dures. Complex dental treatment of children at this age is
quite challenging and may require extraordinary behavior
management procedures such as sedation or general anes-
thesia.

3. Development of Initiative (3 to 6 Years).

	

In this
stage, the child continues to develop greater autonomy, but
now adds to it planning and vigorous pursuit of various
activities. The initiative is shown by physical activity and
motion, extreme curiosity and questioning, and aggressive
talking. A major task for parents and teachers at this stage
is to channel the activity into manageable tasks, arranging
things so that the child is able to succeed, and preventing
him or her from undertaking tasks where success is not pos-
sible. At this stage, a child is inherently teachable. One part
of initiative is the eager modeling of behavior of those
whom he respects.

The opposite of initiative is guilt resulting from goals
that are contemplated but not attained, from acts initiated
but not completed, or from faults or acts rebuked by
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persons the child respects. In Erikson's view, the child's ul-
timate ability to initiate new ideas or activities depends on
how well he or she is able at this stage to express new
thoughts and do new things without being made to feel
guilty about expressing a bad idea or failing to achieve what
was expected.

For most children, the first visit to the dentist comes
during this stage of initiative. Going to the dentist can be
constructed as a new and challenging adventure in which
the child can experience success. Success in coping with the
anxiety of visiting the dentist can help develop greater in-
dependence and produce a sense of accomplishment.
Poorly managed, of course, a dental visit can also con-
tribute toward the guilt that accompanies failure. A child
at this stage will be intensely curious about the dentist's
office and eager to learn about the things found there. An
exploratory visit with the mother present and with little
treatment accomplished usually is important in getting the
dental experience off to a good start. After the initial expe-
rience, a child at this stage can usually tolerate being sepa-
rated from the mother for treatment and is likely to behave
better in this arrangement, so that independence rather
than dependence is reinforced.

4. Mastery of Skills (Age 7 to 11 Years).

	

At this stage,
the child is working to acquire the academic and social
skills that will allow him or her to compete in an environ
ment where significant recognition is given to those who
produce. At the same time, the child is learning the rules
by which that world is organized. In Erikson's terms, the
child acquires industriousness and begins the preparation
for entrance into a competitive and working world. Com-
petition with others within a reward system becomes a
reality; at the same time, it becomes clear that some tasks
can be accomplished only by cooperating with others. The
influence of parents as role models decreases and the
influence of the peer group increases.

The negative side of emotional and personality de-
velopment at this stage can be the acquisition of a sense
of inferiority. A child who begins to compete academi
cally, socially, and physically is certain to find that others
do some things better and that someone does nearly any-
thing better. Somebody else gets put in the advanced sec-
tion, is selected as leader of the group, or is chosen first
for the team. Failure to measure up to the peer group on
a broad scale predisposes toward personality characteris-
tics of inadequacy, inferiority, and uselessness. Again, it is
important for responsible adults to attempt to structure
an environment that provides challenges, but challenges
that have a reasonable chance of being met rather than
guarantee failure.

By this stage, a child should already have experienced
the first visit to the dentist, although a significant number
will not have done so. Orthodontic treatment often be
gins during this stage of development. Children at this
age are trying to learn the skills and rules that define suc-
cess in any situation, and that includes the dental office. A

key to behavioral guidance is setting attainable intermedi-
ate goals, clearly outlining for the child how to achieve
those goals, and positively reinforcing success in achiev-
ing these goals. Because of the child's drive for a sense of
industry and accomplishment, cooperation with treat-
ment can be obtained.

Orthodontic treatment in this age group is likely to in-
volve the faithful wearing of removable appliances (Figure
2-51). Whether a child will do so is determined in large
part by whether he or she understands what is needed to
please the dentist and parents, whether the peer group is
supportive, and whether the desired behavior is reinforced
by the dentist.

Children at this stage still are not likely to be motivated
by abstract concepts such as "If you wear this appliance
your bite will be better." They can be motivated, however,
by improved acceptance or status from the peer group.
This means that emphasizing how the teeth will look bet-
ter as the child cooperates is more likely to be a motivating
factor than emphasizing a better dental occlusion, which
the peer group is not likely to notice.

5. Development of Personal Identity (Age 12 to 17
Years). Adolescence, a period of intense physical devel-
opment, is also the stage in psychosocial development in
which a unique personal identity is acquired. This sense of
identity includes both a feeling of belonging to a larger

FIGURE 2-51

	

Instructions for a young child who will be
wearing a removable orthodontic appliance must be explicit and
concrete. Children at this stage cannot be motivated by abstract
concepts but are influenced by improved acceptance or status
from the peer group.
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group and a realization that one can exist outside the fam-
ily. It is an extremely complex stage because of the many
new opportunities that arise. Emerging sexuality compli-
cates relationships with others. At the same time, physical
ability changes, academic responsibilities increase, and
career possibilities begin to be defined.

Establishing one's own identity requires a partial
withdrawal from the family, and the peer group increases
still further in importance because it offers a sense of con
tinuity of existence in spite of drastic changes within the
individual (Figure 2-52). Members of the peer group be-
come important role models, and the values and tastes of
parents and other authority figures are likely to be re-
jected. At the same time, some separation from the peer
group is necessary to establish one's own uniqueness and
value. As adolescence progresses, an inability to separate
from the group indicates some failure in identity develop-
ment. This in turn can lead to a poor sense of direction for
the future, confusion regarding one's place in society, and
low self-esteem.

Most orthodontic treatment is carried out during the
adolescent years, and behavioral management of adoles-
cents can be extremely challenging. Since parental author
i ty is being rejected, a poor psychologic situation is created
by orthodontic treatment if it is being carried out primar-
ily because the parents want it, not the child. At this stage,
orthodontic treatment should be instituted only if the
patient wants it, not just to please the parents.

Motivation for seeking treatment can be defined as
internal or external. External motivation is from pressure
from others, as in orthodontic treatment "to get mother

FIGURE 2-52

	

Adolescence is an extremely complex stage be-
cause of the many new opportunities and challenges thrust upon
the teenager. Emerging sexuality, academic pressures, earning
money, increased mobility, career aspirations and recreational
interests combine to produce stress and rewards.

off my back." Internal motivation is provided by an indi-
vidual's own desire for treatment to correct a defect that
he perceives in himself, not some defect pointed to by
authority figures whose values are being rejected anyway.
Approval of the peer group is extremely important. At one
time, there was a certain stigma attached to being the only
one in the group so unfortunate as to have to wear braces.
In some areas of the United States now, orthodontic treat-
ment has become so common that there may be a loss of
status attached to being one of the few in the group who
is not receiving treatment, so that treatment may even be
requested in order to remain "one of the crowd."

It is extremely important for an adolescent to actively
desire the treatment as something being done for, not to,
him or her. In this stage, abstract concepts can be grasped
readily, but appeals to do something because of its impact
on personal health are not likely to be heeded. The typical
adolescent feels that health problems are concerns of some-
body else, and this attitude covers everything from acci-
dental death in reckless driving to development of decalci-
fied areas on carelessly brushed teeth.

6. Development of Intimacy (Young Adult).

	

The
adult stages of development begin with the attainment of
intimate relationships with others. Successful development
of intimacy depends on a willingness to compromise and
even to sacrifice to maintain a relationship. Success leads to
the establishment of affiliations and partnerships, both
with a mate and with others of the same sex in working to-
ward the attainment of career goals. Failure leads to isola-
tion from others and is likely to be accompanied by strong
prejudices and a set of attitudes that serve to keep others
away rather than bringing them into closer contact.

A growing number of young adults are seeking ortho-
dontic care. Often these individuals are seeking to correct
a dental appearance they perceive as flawed. They may feel
that a change in their appearance will facilitate attainment
of intimate relationships. On the other hand, a "new look"
resulting from orthodontic treatment may interfere with
previously established relationships.

The factors that affect the development of an intimate
relationship include all aspects of each person-appearance,
personality, emotional qualities, intellect, and others. A sig
nificant change in any of these may be perceived by either
partner as altering the relationship. Because of these poten-
tial problems, the potential psychologic impact of ortho-
dontic treatment must be fully explained to and explored
with the young adult patient before beginning therapy.

7. Guidance of the Next Generation (Adu/t).

	

A major
responsibility of a mature adult is the establishment and
guidance of the next generation. Becoming a successful and
supportive parent is obviously a major part of this, but
another aspect of the same responsibility is service to the
group, community, and nation. The next generation is
guided, in short, not only by nurturing and influencing
one's own children but also by supporting the network
of social services needed to ensure the next generation's
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success. The opposite personality characteristic in mature
adults is stagnation, characterized by self-indulgence and
self-centered behavior.

8. Attainment of Integrity (Late Adult).

	

The final
stage in psychosocial development is the attainment of in-
tegrity. At this stage, the individual has adapted to the com
bination of gratification and disappointment that every
adult experiences. The feeling of integrity is best summed
up as a feeling that one has made the best of this life's situ-
ation and has made peace with it. The opposite character-
istic is despair. This feeling is often expressed as disgust and
unhappiness on a broad scale, frequently accompanied by a
fear that death will occur before a life change that might
lead to integrity can be accomplished.

Cognitive Development. Cognitive development,
the development of intellectual capabilities, also occurs in
a series of relatively distinct stages. Like the other psycho
logic theories, the theory of cognitive development is
strongly associated with one dominant individual, in this
case the Swiss psychologist Jean Piaget. From the perspec-
tive of Piaget and his followers, the development of intelli-
gence is another example of the widespread phenomenon
of biologic adaptation. Every individual is born with the
capacity to adjust or adapt to both the physical and socio-
cultural environments in which he or she must live.

In Piaget's view, adaptation occurs through two com-
plementary processes, assimilation and accommodation. 42

From the beginning, a child incorporates or assimilates
events within the environment into mental categories
called cognitive structures. A cognitive structure in this
sense is a classification for sensations and perceptions.

For example, a child who has just learned the word
"bird" will tend to assimilate all flying objects into his idea
of bird. When he sees a bee, he will probably say, "Look,
bird!" However, for intelligence to develop, the child must
also have the complementary process of accommodation.
Accommodation occurs when the child changes his or her
cognitive structure or mental category to better represent
the environment. In the previous example, the child will be
corrected by an adult or older child and will soon learn to
distinguish between birds and bees. In other words, the
child will accommodate to the event of seeing a bee, by
creating a separate category of flying objects for bees.

Intelligence develops as an interplay between assimila-
tion and accommodation. Each time the child in our exam-
ple sees a flying object he or she will try to assimilate it into
existing cognitive categories. If these categories do not
work, he or she will try to accommodate by creating new
ones. However, the child's ability to adapt is limited by the
current level of development. The notion that the child's
ability to adapt is age-related is a crucial concept in Piaget's
theory of development.

From the perspective of cognitive development theory,
life can be divided into four major stages (Figure 2-53): the
sensorimotor period, extending from birth to 2 years of age;
the preoperational period, from 2 to 7 years; the concrete

FIGURE 2-53

	

Cognitive development is divided into four
major periods, as diagrammed here.

operational period from about age 7 to puberty; and the
period of formal operations, which runs from adolescence
through adulthood. Like the other developmental stages, it
is important to realize that the time frame is variable, espe-
cially for the later ones. Some adults never reach the last
stage. The sequence of the stages, however, is fixed.

It appears that a child's way of thinking about and view-
ing the world is quite different at the different stages. A
child simply does not think like an adult until the period of
formal operations has been reached. Since a child's thought
processes are quite different, one cannot expect a child to
process and utilize information in the same way that an
adult would. To communicate successfully with a child, it is
necessary to understand his or her intellectual level and the
way in which thought processes work at the various stages.

Considering the cognitive development stages in more
detail:

L Sensorimotor Period.

	

During the first 2 years of
life, a child develops from a newborn infant who is almost
totally dependent on reflex activities to an individual who
can develop new behavior to cope with new situations.
During this stage, the child develops rudimentary concepts
of objects, including the idea that objects in the environ-
ment are permanent; they do not disappear when the child
is not looking at them. Simple modes of thought that are
the foundation of language develop during this time, but
communication between a child at this stage and an adult is
extremely limited because of the child's simple concepts
and lack of language capabilities. At this stage, a child has
little ability to interpret sensory data and a limited ability to
project forward or backward in time.

2. Preoperational Period.

	

Because children above
the age of 2 begin to use language in ways similar to
adults, it appears that their thought processes are more
like those of adults than is the case. During the preopera-
tional stage, the capacity develops to form mental symbols
representing things and events not present, and children
learn to use words to symbolize these absent objects. Be-
cause young children use words to symbolize the external
appearance or characteristics of an object, however, they
often fail to consider important aspects such as function
and thus may understand some words quite differently
from adults. To an adult, the word "coat" refers to a whole
family of external garments that may be long or short,
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heavy or light, and so on. To a preoperational child, how-
ever, the word "coat" is initially associated with only the
one he or she wears, and the garment that daddy wears
would require another word.

A particularly prominent feature of thought processes
of children at this age is the concrete nature of the process
and hence, the concrete or literal nature of their language.
In this sense, concrete is the opposite of abstract. Children
in the preoperational period understand the world in the
way they sense it through the five primary senses. Con-
cepts that cannot be seen, heard, smelled, tasted, or felt-
for example, time and health-are very difficult for pre-
operational children to grasp. At this age, children use and
understand language in a literal sense and thus understand
words only as they have learned them. They are not able
to comprehend more than the literal meaning of idioms,
and sarcastic or ironic statements are likely to be misin-
terpreted.

A general feature of thought processes and language
during the preoperational period is egocentrism, meaning
that the child is incapable of assuming another person's
point of view. At this stage, his own perspective is all that
he can manage-assuming another's view is simply beyond
his mental capabilities.

Still another characteristic of thought processes at
this stage is animism, investing inanimate objects with life.
Essentially everything is seen as being alive by a young
child, and so stories that invest the most improbable ob-
jects with life are quite acceptable to children of this age.
Animism can be used to the dental team's advantage by
giving dental instruments and equipment life-like names
and qualities. For example, the handpiece can be called
"Whistling Willie" who is happy while he works at pol-
ishing the child's teeth.

At this stage, capabilities for logical reasoning are
limited, and the child's thought processes are dominated
by the immediate sensory impressions. This characteristic
can be illustrated by asking the child to solve a liquid con-
servation problem. The child is first shown two equal size
glasses with water in them. The child agrees that both
contain the same amount of water. Then the contents of
one glass are poured into a taller, narrower glass while the
child watches. Now when asked which container has more
water, the child will usually say that the tall one does. Her
i mpressions are dominated by the greater height of the
water in the tall glass.

For this reason, the dental staff should use immediate
sensations rather than abstract reasoning in discussing
concepts like prevention of dental problems with a child at
this stage. Excellent oral hygiene is very important when
an orthodontic appliance is present (a lingual arch to pre-
vent drift of teeth, for instance). A preoperational child
will have trouble understanding a chain of reasoning like
the following: "Brushing and flossing remove food parti-
cles, which in turn prevents bacteria from forming acids,
which cause tooth decay." He or she is much more likely

to understand: "Brushing makes your teeth feel clean and
smooth," and, "Toothpaste makes your mouth taste good,"
because these statements rely on things the child can taste
or feel immediately.

A knowledge of these thought processes obviously can
be used to improve communication with children of this
age. A further example would be talking to a 4-year-old
about how desirable it would be to stop thumb sucking.
The dentist might have little problem in getting the child
to accept the idea that "Mr. Thumb" was the problem and
that the dentist and the child should form a partnership to
control Mr. Thumb who wishes to get into the child's
mouth. Animism, in other words, can apply even to parts of
the child's own body, which seem to take on a life of their
own in this view.

On the other hand, it would not be useful to point out
to the child how proud his father would be if he stopped
sucking his thumb, since the child would think his father's
attitude was the same as the child's (egocentrism). Since
the child's view of time is centered around the present, and
he or she is dominated by how things look, feel, taste, and
sound now, there also is no point in talking to the 4-year-
old about how much better his teeth will look in the future
if he stops sucking his thumb. Telling him that the teeth
will feel better now or talking about how bad his thumb
tastes, however, may make an impact, since he can relate
to that.

3. Period of Concrete Operations.

	

As a child moves
into this stage, typically after a year or so of preschool and
first grade activity, an improved ability to reason emerges.
He or she can use a limited number of logical processes,
especially those involving objects that can be handled and
manipulated (i.e., concrete objects). Thus an 8-year-old
could watch the water being poured from one glass to
another, imagine the reverse of that process, and con-
clude that the amount of water remains the same no mat-
ter what size the container is. If a child in this stage is
given a similar problem, however, stated only in words
with no concrete objects to illustrate it, the child may fail
to solve it. The child's thinking is still strongly tied to
concrete situations, and the ability to reason on an ab-
stract level is limited.

By this stage, the ability to see another point of view
develops, while animism declines. Children in this period
are much more like adults in the way they view the world
but they are still cognitively different from adults. Present-
ing ideas as abstract concepts rather than illustrating them
with concrete objects can be a major barrier to communi-
cation. Instructions must be illustrated with concrete ob-
jects. "Now wear your retainer every night and be sure to
keep it clean," is too abstract. More concrete directions
would be: "This is your retainer. Put it in your mouth like
this, and take it out like that. Put it in every evening right
after dinner before you go to bed, and take it out before
breakfast every morning. Brush it like this with an old
toothbrush to keep it clean."
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4. Period of Formal Operations.

	

For most children,
the ability to deal with abstract concepts and abstract rea-
soning develops by about age 11. At this stage, the child's
thought process has become similar to that of an adult, and
the child is capable of understanding concepts like health,
disease, and preventive treatment. At this stage, intellectu-
ally the child can and should be treated as an adult. It is as
great a mistake to talk down to a child who has developed
the ability to deal with abstract concepts, using the con-
crete approach needed with an 8-year-old, as it is to assume
that the 8-year-old can handle abstract ideas. Successful
communication, in other words, requires a feel for the
child's stage of intellectual development. 43

In addition to the ability to deal with abstractions,
teenagers have developed cognitively to the point where
they can think about thinking. They are now aware that
others think, but usually, in a new expression of egocen-
trism, presume that they and others are thinking about the
same thing. Because young adolescents are experiencing
tremendous biologic changes in growth and sexual devel-
opment, they are preoccupied with these events. When an
adolescent considers what others are thinking about, he as-
sumes that others are thinking about the same thing he is
thinking about, namely himself. Adolescents assume that
others are as concerned with their bodies, actions, and feel-
ings as they themselves are. They feel as though they are
constantly "on stage," being observed and criticized by
those around them. This phenomenon has been called the
"imaginary audience" by Elkind. 44

The imaginary audience is a powerful influence on
young adolescents, making them quite self-conscious and
particularly susceptible to peer influence. They are very
worried about what peers will think about their appearance
and actions, not realizing that others are too busy with
themselves to be paying attention to much other than
themselves.

The reaction of the imaginary audience to braces on
the teeth, of course, is an important consideration to a
teenage patient. As orthodontic treatment has become
more common, adolescents have less concern about being
singled out because they have braces on their teeth, but
they are very susceptible to suggestions from their peers
about how the braces should look. In some settings, this has
led to pleas for tooth-colored plastic or ceramic brackets
(to make them less visible); at other times, brightly colored
ligatures and elastics have been popular (because everybody
is wearing them).

The notion that "others really care about my appear-
ance and feelings as much as I do" leads adolescents to
think they are quite unique, special individuals. If this were
not so, why would others be so interested in them? As a re-
sult of this thought a second phenomenon emerges, which
Elkind called the "personal fable." This concept holds that
"because I am unique, I am not subject to the consequences
others will experience." The personal fable is a powerful
motivator that allows us to cope in a dangerous world. It

permits us to do things such as travel on airplanes while
knowing that "occasionally they crash, but the one I'm on
will arrive safely."

While both the imaginary audience and the personal fa-
ble have useful functions in helping us develop a social
awareness and allowing us to cope in a dangerous environ
ment, they may also lead to dysfunctional behavior and even
foolhardy risk-taking. The adolescent may drive too fast
thinking "I am unique. I'm especially skilled at driving.
Other less skillful drivers may have wrecks, but not L" These
phenomena are likely to have significant influence on or-
thodontic treatment. The imaginary audience, depending
on what the adolescent believes, may influence him to accept
or reject treatment, and to wear or not wear appliances. The
personal fable may make a patient ignore threats to health,
such as decalcification of teeth from poor oral hygiene dur-
ing orthodontic therapy. The thought, of course, is "Others
may have to worry about that, but I don't."

The challenge for the dentist is not to try to impose
change on reality as perceived by adolescents, but rather to
help them more clearly see the actual reality that surrounds
them. A teenage patient may protest to his orthodontist
that he does not want to wear a particular appliance because
others will think it makes him "look goofy." In this situa-
tion, telling the patient that he should not be concerned be-
cause many of his peers also are wearing this appliance does
little to encourage him to wear it. A more useful approach
that does not deny the point of view of the patient is to
agree with him that he may be right in what others will
think, but ask him to give it a try for a specified time. If his
peers do respond as the teenager predicts, then a different,
but less desirable treatment technique can be discussed.
This test of the teenager's perceived reality usually demon-
strates that the audience does not respond negatively to the
appliance or that the patient can successfully cope with the
peer response. Wearing interarch elastics while in public
often falls into this category. Encouraging a reluctant
teenager to try it and judge his peers' response is much
more likely to get him to wear the elastics than telling him
everybody else does it so he should too (Figure 2-54).

Sometimes teenage patients have experience with the
imaginary audience regarding a particular appliance, but
have incorrectly measured the response of the audience.
They may require guidance to help them accurately assess
the view of the audience. Experience with thirteen-year-old
Beth illustrates this point. Following the loss of a maxillary
central incisor in an accident, treatment for Beth included
a removable partial denture to replace the tooth. She and
her parents had been told on several occasions that it would
be necessary to wear the removable appliance until enough
healing and growth had occurred to permit treatment with
a fixed bridge. At a routine recall appointment, Beth asked
if the bridge could be placed now. Realizing that this must
be a significant concern for Beth, the dentist commented
"Beth, wearing this partial must be a problem. Tell me
more about it." Beth replied, "It's embarrassing." Inquiring
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FIGURE 2-54

	

Wearing your orthodontic elastics during the
championship high school basketball game, as this boy obviously
was doing, is acceptable to your peers-but the orthodontist is
more likely to convince a teenager of that by encouraging him to
try it and test their response, than by telling him that he should do
it because everybody else does. (Courtesy TP Laboratories.)

further, the dentist asked "When is it embarrassing?" Beth
said, "When I spend the night at other girls' homes and
have to take it out to brush my teeth." "Well, what is the re-
sponse of the girls when they see you remove your tooth?"
Beth replied, "They think it's neat." Nothing more was said
about the tooth and the conversation moved to the vacation
that Beth's family was planning.

This illustration indicates how it is possible to provide
guidance toward a more accurate evaluation of the attitude
of the audience and thus allow teenagers to solve their own
problems. This approach on the part of the dentist neither
argues with the teenager's reality nor uncritically accepts it.
One role of an effective dental professional is to help
teenagers test the reality that actually surrounds them.

To be received, the dentist's message must be presented
in terms that correspond to the stage of cognitive and psy-
chosocial development that a particular child has reached.
It is the job of the dentist to carefully evaluate the develop-
ment of the child, and adapt his or her language so that
concepts are presented in a way that the patient can under-
stand them. The adage "different strokes for different
folks" applies strongly to children, whose variations in in-
tellectual and psychosocial development affect the way they
receive orthodontic treatment, just as their differing stages
of physical development do.
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PRENATAL INFLUENCES ON FACIAL
DEVELOPMENT

A general understanding of the formation of the face, as
presented in the standard embryology texts, is presumed in
the discussion that follows. The focus here is on the events
in prenatal development that are particularly pertinent to
orthodontic problems later in life.

Embryologic Development
In broad overview, nearly all the tissues of the face and
neck originate from ectoderm. This includes the muscular
and skeletal elements that elsewhere in the body are de-
rived from mesoderm. Most of these tissues develop from
neural crest cells that migrate downward beside the neural
tube and laterally under the surface ectoderm.' After
the crest cells have completed their migration, facial

growth is dominated by regional growth centers as the
organ systems are formed and the final differentiation of
tissues occurs.

There are five principal stages in craniofacial devel-
opment (Table 3-1): (1) germ layer formation and initial
organization of craniofacial structures; (2) neural tube
formation and initial formation of the oropharynx; (3) ori-
gins, migrations, and interactions of cell populations, es-
pecially neural crest cells; (4) formation of organ systems,
especially the pharyngeal arches and the primary and sec-
ondary palates; and (5) final differentiation of tissues
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Diagrammatic lateral sections of embryos at 20 and 24 days, showing formation of the
neural folds, neural groove and neural crest. A, At 20 days, neural crest cells can be identified at the lips of
the deepening neural groove, forerunner of the central nervous system. B, At 24 days, the neural crest cells
(pink) have separated from the neural tube and are beginning their extensive migration beneath the surface
ectoderm. The migration is so extensive, and the role of these neural crest cells so important in formation
of structures of the head and face, that they can almost be considered a fourth primary germ layer.

(skeletal, muscular, and nervous elements). Some specific
abnormalities in facial form and jaw relationships can be
traced to the very early first and second stages. For exam-
ple, the characteristic facies of fetal alcohol syndrome
(FAS) (Figure 3-1) is due to deficiencies of midline tissue
of the neural plate very early in embryonic development,
caused by exposure to very high levels of ethanol. Al-
though such blood levels can be reached only in extreme
intoxication in chronic alcoholics, the resulting facial de-
formity occurs frequently enough to be implicated in
many cases of maxillary and midface deficiency.

Many of the problems that result in craniofacial anom-
alies arise in the third stage of development, neural crest
cell origin and migration. Since most structures of the face
are ultimately derived from migrating neural crest cells

(Figure 3-2), it is not surprising that interferences with this
migration produce facial deformities. At the completion of
the migration of the neural crest cells in the fourth week of
human embryonic life, they form practically all of the loose
mesenchymal tissue in the facial region that lies between
the surface ectoderm and the underlying forebrain and eye
and most of the mesenchyme in the mandibular arch. Most
of the neural crest cells in the facial area later differentiate
into skeletal and connective tissues, including the bones of
the jaw and the teeth.

The importance of neural crest migration and the pos-
sibility of drug-induced impairment has been brought into
sharper focus in recent years. In the 1960s and 70s, expo
sure to thalidomide caused major congenital defects in-
cluding facial anomalies in thousands of children. In the

FIGURE 3-1

	

The characteristic facial appearance of fetal alcohol syndrome (FAS), caused by exposure
to very high blood alcohol levels during the first trimester of pregnancy.
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FIGURE 3-3

	

In the Treacher Collins' syndrome (also called mandibulofacial dysostosis), a
generalized lack of mesenchymal tissue in the lateral part of the face is the major cause of the
characteristic facial appearance. Note the underdevelopment of the lateral orbital and zygo-
matic areas. The ears also may be affected.

1980s, severe facial malformations related to the anti-acne
drug isotretinoin (Accutane) were reported. The similari-
ties in the defects make it likely that these drugs affect the
formation and/or migration of neural crest cells. Fortu-
nately, there was no similar experience in the 1990s.

Altered neural crest development has been implicated
in mandibulofacial dysostosis (Treacher Collins' syndrome).
In this congenital syndrome, both the maxilla and mandible
are underdeveloped as a result of a generalized lack of mes-
enchymal tissue (Figure 3-3). The best evidence suggests
that the problem arises because of excessive cell death
(cause unknown) in the trigeminal ganglion, which secon-
darily affects neural crest-derived cells.

Hemifacial microsomia, as the name suggests, is pri-
marily a unilateral and always an asymmetrical problem.
It is characterized by a lack of tissue on the affected side of
the face (Figure 3-4). Typically, the external ear is de-
formed and both the ramus of the mandible and associated
soft tissues (muscle, fascia) are deficient or missing (see
Figure 3-4). Until recently it was thought that the defect
was due to hemorrhage from the stapedial artery at the
time, about 6 weeks after conception, when the maxillary
artery takes over the blood supply to the affected area.
More recent work suggests that, although hemorrhage at
the critical time may be involved, hemifacial microsomia
arises primarily from early loss of neural crest cells.
Neural crest cells with the longest migration path, those
taking a circuitous route to the lateral and lower areas of
the face, are most affected, whereas those going to the cen-
tral face tend to complete their migratory movement. This

FIGURE 3-4

	

In hemifacial microsomia, both the external
ear and the mandibular ramus are deficient or absent on the
affected side.

explains why midline facial defects including clefts rarely
are part of the syndrome. Some degree of asymmetry may
be present, but both sides are affected. Neural crest cells
migrating to lower regions are important in the formation
of the great vessels (aorta, pulmonary artery, aortic arch),
and they also are likely to be affected. For this reason de-
fects in the great vessels (as in the tetralogy of Fallot) are
common in children with hemifacial microsomia. The
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FIGURE 3-5

	

Scanning electron micrographs of mouse embryos (which are very similar to human
embryos at this stage of development), showing the stages in facial development. A, Early formation of
the face about 24 days after conception in the human. B, At a stage equivalent to about 31 days in the
human, the medial and lateral nasal processes can be recognized alongside the nasal pit. C, Fusion of the
median nasal, lateral nasal, and maxillary processes forms the upper lip, while fusion between the maxil-
lary and mandibular processes establishes the width of the mouth opening. This stage is reached at about
36 days in the human. (Courtesy Dr. K. Sulik.)

spectrum of deformities induced by thalidomide and
isotretinoin includes conditions similar to both mandi-
bulofacial dysostosis and hemifacial microsomia.

The most common congenital defect involving the
face and jaws, second only to clubfoot in the entire spec-
trum of congenital deformities, is clefting of the lip, palate,
or, less commonly, other facial structures. Clefts arise dur-
ing the fourth developmental stage. Exactly where they
appear is determined by the locations at which fusion of the
various facial processes failed to occur (Figures 3-5 and 3-6),

and this in turn is influenced by the time in embryologic
life when some interference with development occurred.

Clefting of the lip occurs because of a failure of fusion
between the median and lateral nasal processes and the
maxillary prominence, which normally occurs in humans
during the sixth week of development. At least theoretically
a midline cleft of the upper lip could develop because of a
split within the median nasal process, but this almost never
occurs. Instead, clefts of the lip occur lateral to the midline
on either or both sides (Figure 3-7). Since the fusion of
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FIGURE 3-6

	

Schematic representations of fusion of the facial processes. A, Diagrammatic representa-
tion of structures at 31 days, when fusion is just beginning; B, relationships at 35 days, when the fusion
process is well-advanced; C, schematic representation of the contribution of the embryonic facial processes
to the structures of the adult face. The medial nasal process contributes the central part of the nose and the
philtrum of the lip. The lateral nasal process forms the outer parts of the nose, and the maxillary process
forms the bulk of the upper lip and the cheeks. (B, Redrawn from Ten Cate AR: Oral histology, ed 3, St Louis,
1989, Mosby; C, redrawn from Sulik KK, Johnston MG Scan Elect Mierosc 1:309-322, 1982.)

FIGURE 3-7

	

Unilateral cleft lip in an infant. Note that the
cleft is not in the midline, but lateral to the midline.

these processes during primary palate formation creates
not only the lip but the area of the alveolar ridge contain-
ing the central and lateral incisors, it is likely that a notch
in the alveolar process will accompany a cleft lip even if
there is no cleft of the secondary palate.

Closure of the secondary palate by elevation of the
palatal shelves (Figures 3-8 and 3-9) follows that of the pri-
mary palate by nearly 2 weeks, which means that an inter
ference with lip closure that still is present can also affect
the palate. About 60% of individuals with a cleft lip also
have a palatal cleft (Figure 3-10). An isolated cleft of the
secondary palate is the result of a problem that arose after
lip closure was completed. Incomplete fusion of the sec-
ondary palate, which produces a notch in its posterior

FIGURE 3-8

	

Scanning electron micrographs of mouse em-
bryos sectioned in the frontal plane. A, Before elevation of the
palatal shelves; B, immediately after depression of the tongue and
elevation of the shelves. (Courtesy Dr. K. Sulik.)
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FIGURE 3-9

	

Scanning electron micrographs of the stages in palate closure (mouse
embryos sectioned so that the lower jaw has been removed), analogous to the same stages in
human embryos. A, At the completion of primary palate formation; B, before elevation of
the palatal shelves, equivalent to Figure 3-8, A; C, shelves during elevation; D, initial fusion
of the shelves at a point about one third of the way back along their length; E, secondary
palate immediately after fusion. (Courtesy Dr. K. Sulik.)
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FIGURE 3-10

	

A, Bilateral cleft lip and palate in an infant. The separation of the premaxilla from the
remainder of the maxilla is shown clearly; B, an unrepaired cleft of the secondary palate in a 12-year-old
child. An isolated cleft of the palate can affect all of the secondary palate, as in this individual, or only the
posterior portion of it.

extent (sometimes only a bifid uvula), indicates a very late-
appearing interference with fusion.

The width of the mouth is determined by fusion of the
maxillary and mandibular processes at their lateral extent,
and so a failure of fusion in this area could produce an ex
ceptionally wide mouth, or macrostomia. Failure of fusion
between the maxillary and lateral processes could produce
an obliquely directed cleft of the face. Other patterns of
facial clefts are possible, based on the details of fusion.
Fortunately, these conditions are rare.

Morphogenetic movements of the tissues are a promi-
nent part of the fourth stage of facial development. As these
have become better understood, the way in which clefts of
the lip and palate develop has been clarified. For example,
it is known now that cigarette smoking by the mother is an
etiologic factor in the development of cleft lip and palate.
An important initial step in development of the primary
palate is a forward movement of the lateral nasal process,
which positions it so that contact with the median nasal
process is possible. The hypoxia associated with smoking
probably interferes with this movement.

Another major group of craniofacial malformations
arise considerably later than the ones discussed so far,
during the final stage of facial development and in the fe
tal rather than the embryologic period of prenatal life.
These are the synostosis syndromes, which result from
early closure of the sutures between the cranial and facial
bones." From early in fetal life, normal cranial and facial
development is dependent on growth adjustments at the

sutures in response to growth of the brain and facial soft
tissues. Early closure of a suture, called synostosis, leads to
characteristic distortions depending on the location of the
early fusion.

Crouzon's syndrome is the most frequently occurring
member of this group. It is characterized by underdevel-
opment of the midface and eyes that seem to bulge from
their sockets (Figure 3-11). Crouzon's syndrome arises
because of prenatal fusion of the superior and posterior
sutures of the maxilla, along the wall of the orbit. The
premature fusion frequently extends posteriorly into the
cranium, producing distortions of the cranial vault as well.
If fusion in the orbital area prevents the maxilla from
translating downward and forward, the result must be se-
vere underdevelopment of the middle third of the face.
The characteristic protrusion of the eyes is largely an il-
lusion-the eyes appear to bulge outward because the area
beneath them is underdeveloped. There may be a compo-
nent of true extrusion of the eyes, however, because when
cranial sutures become synostosed, intracranial pressure
increases.

Although the characteristic deformity is recognized at
birth, the situation worsens as growth disturbances caused
by the fused sutures continue postnatally. Surgery to re-
lease the sutures is necessary at an early age.

Late Fetal Development and Birth
By the third trimester of intrauterine life, the human fetus
weighs approximately 1000 grams and though far from
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FIGURE 3-11

	

Typical facial appearance in Crouzon's syndrome of moderate severity. Note the defi-
ciency of the midfacial structures, which usually is coupled with wide separation of the eyes (hyper-
telorism), as in this individual.

TABLE 3-2

	

Chronology of Tooth Development, Primary Dentition

ready for life outside the protective intrauterine environ-
ment, can often survive premature birth. During the last 3
months of intrauterine life, continued rapid growth results
in a tripling of body mass to about 3000 grams. Dental de-
velopment, which begins in the third month, proceeds
rapidly thereafter (Table 3-2). Development of all primary
teeth and the permanent first molars starts well before birth.

Although the proportion of the total body mass rep-
resented by the head decreases from the fourth month of
intrauterine life onward, at birth the head is still nearly
half the total body mass and represents the largest imped-
iment to passage of the infant through the birth canal.
Making the head longer and narrower obviously would fa-
cilitate birth, and this is accomplished by a literal distor-

tion of its shape (Figure 3-12). The change of shape is
possible because at birth, relatively large uncalcified
fontanelles persist between the flat bones of the brain
case. As the head is compressed within the birth canal, the
brain case (calvarium) can increase in length and decrease
in width, assuming the desired tubular form and easing
passage through the birth canal.

The relative lack of growth of the lower jaw prenatally
also makes birth easier, since a prominent bony chin at the
time of birth would be a considerable problem in passage
through the birth canal. Many a young dentist, acutely
aware of the orthodontic problems that can arise later be-
cause of skeletal mandibular deficiency, has been shocked
to discover how incredibly mandibular deficient his or her
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FIGURE 3-12

	

This photograph of a newborn infant clearly
shows the head distortion accompanying passage through the birth
canal. Note that the head has been squeezed into a more elliptical
or tubular shape, a distortion made possible by the presence of the
relatively large fontanelles. (Courtesy Mead Johnson Co.)

own newborn is, and has required reassurance that this is a
perfectly normal and indeed desirable phenomenon. Post-
natally, the mandible grows more than the other facial
structures and gradually catches up, producing the eventual
adult proportions.

Despite the physical adaptations that facilitate it, birth
is a traumatic process. In the best of circumstances, being
thrust into the world requires a dramatic set of physiologic
adaptations. For a short period, growth ceases and there
may be a small decrease in weight during the first 7 to 10
days of life. Such an interruption in growth produces a
physical effect in skeletal tissues that are forming at the
time, because the orderly sequence of calcification is dis-
turbed. The result is a noticeable line across both bones
and teeth that are forming at the time. However, bones are
not visible and are remodeled to such an extent that any
lines caused by the growth arrest at birth would soon be
covered over at any rate.

Teeth, on the other hand, are quite visible, and the ex-
tent of any growth disturbance related to birth can be seen
in the enamel, which is not remodeled. Almost every child
has a "neonatal line" across the surface of the primary
teeth, its location varying from tooth to tooth depending
on the stage of development at birth (Figure 3-13). Under
normal circumstances, the line is so slight that it can be
seen only if the tooth surface is magnified, but if the

FIGURE 3-13

	

Primary teeth shown on a developmental scale that indicates the expected location of
the neonatal line. From a chart of this type, the timing of illness or traumatic events that led to
disturbances of enamel formation can be deduced from the location of enamel lines on various teeth.
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neonatal period was stormy, a prominent area of stained,
distorted, or poorly calcified enamel can be the result. 9

Birth is not the only circumstance that can have this
effect. As a general rule, it can be anticipated that growth
disturbances lasting 1 to 2 weeks or more, such as the one
that accompanies birth or a growth cessation caused by a
febrile illness later, will leave a visible record in the
enamel of teeth forming at the time. Permanent as well as
primary teeth can be affected by illnesses during infancy
and early childhood.

INFANCY AND EARLY CHILDHOOD:
THE PRIMARY DENTITION YEARS

Physical Development in the Preschool Years
The general pattern of physical development after birth is
a continuation of the pattern of the late fetal period: rapid
growth continues, with a relatively steady increase in
height and weight, although the rate of growth declines as
a percentage of the previous body size (Figure 3-14).

Three circumstances merit special attention:
1. Premature birth (low birth weight). Infants

weighing less than 2500 gm at birth are at greater risk of

FIGURE 3-14

	

Graphs of growth in length and weight in in-
fancy for boys (the curves for girls are almost identical at these
ages). Note the extremely rapid growth in early infancy, with a pro-
gressive slowing after the first 6 months. (Based on data from the
National Center for Health Statistics; redrawn from Lowrey GH:
Growth and development of children, ed 8, Chicago, 1986, Mosby.)

problems in the immediate postnatal period. Since low
birth weight is a reflection of premature birth, it is reason-
able to establish the prognosis in terms of birth weight
rather than estimated gestational age. Until recent years,
children with birth weights below 1500 gm often did not
survive. Even with the best current specialized neonatal
services, the chances of survival for extremely low birth
weight infants (less than 1000 gm) are not good, though
some now are saved.

If a premature infant survives the neonatal period,
however, there is every reason to expect that growth will
follow the normal pattern and that the child will gradually
overcome the initial handicap (Figure 3-15). Premature
infants can be expected to be small throughout the first
and into the second years of life. In many instances, by the
third year of life premature and normal-term infants are
indistinguishable in attainment of developmental mile-
stones. 10

2. Chronic illness.

	

Skeletal growth is a process that
can occur only when the other requirements of the indi-
vidual have been met. A certain amount of energy is neces
sary to maintain life. An additional amount is needed for
activity, and a further increment is necessary for growth.
For a normal child, perhaps 90% of the available energy
must be "taken off the top" to meet the requirements for
survival and activity, leaving 10% for growth.

Chronic illness alters this balance, leaving relatively
less of the total energy available to support growth. Chron-
ically ill children typically fall behind their healthier peers,
and if the illness persists, the growth deficit is cumulative.
An episode of acute illness leads to a temporary cessation of
growth, but if the growth interruption is relatively brief,
there will be no long-term effect. The more chronic the ill-
ness, the greater the cumulative impact. Obviously, the
more severe the illness, the greater the impact at any given
time. Children with congenital hormone deficiencies pro-
vide an excellent example. If the hormone is replaced, a
dramatic improvement in growth and recovery toward nor-
mal height and weight often occurs (Figure 3-16). A con-
genital heart defect can have a similar effect on growth, and
similarly dramatic effects on growth can accompany repair
of the defect." Psychologic and emotional stress in ex-
treme cases can affect physical growth in somewhat the
same way as chronic illness (Figure 3-17).

3. Nutritional status. For growth to occur, there
must be a nutritional supply in excess of the amount neces-
sary for mere survival. Chronically inadequate nutrition,
therefore, has an effect similar to chronic illness. On the
other hand, once a level of nutritional adequacy has been
achieved, additional nutritional intake is not a stimulus to
more rapid growth. Adequate nutrition, like reasonable
overall health, is a necessary condition for normal growth
but is not a stimulus to it.

An interesting phenomenon of the last 300 or 400
years, particularly the twentieth century, has been a gener-
alized increase in size of most individuals. There has also
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FIGURE 3-15

	

Growth curves for two groups of at-risk groups of infants:
small-for-gestational age (SGA) twins and twins of less than 1750 grams birth
weight (premature birth). In this graph, 100 is the expected height and weight for
normal, full-term infants. Note the recovery of the low birth weight infants over
time. (Redrawn from Lowery GH: Growth and development of children, ed 8,

Chicago, 1986, Mosby.)

FIGURE 3-16

	

The curve for growth in height for a boy with
isolated growth hormone deficiency. No treatment was possible
until he was 6.2 years of age. At that point, human growth hor-
mone (HGH) became available, and it was administered regularly
from then until age 19, except for 6 months between 12.5 and 13
years. The beginning and end of HGH administration are indi-
cated by the arrows. The open circles represent height plotted
against bone age, thus delay in bone age is represented by the
length of each horizontal dashed line. It is 3.5 years at the
beginning of treatment, and 0.8 years at 11 to 12 years, when
catch-up was essentially complete. Note the very high growth rate
immediately after treatment started, equal to the average rate of a
1-year old infant. (Redrawn from Tanner JM, Whitehouse RH:
Atlas of children's growth, London, 1982, Academic Press.)

FIGURE 3-17

	

The effect of a change in social environment
on growth of two children who had an obviously disturbed home
environment, but no identifiable organic cause for the growth
problem. When both children were placed in a special boarding
school where presumably their psychosocial stress was lessened,
both responded with above-average growth though the more se-
verely affected child was still outside the normal range 4 years
later. The mechanism by which psychosocial stress can affect
growth so markedly is thought to be induction of a reversible
growth hormone deficiency, accompanied by disturbance of the
nearby appetite center. (Redrawn from Tanner JM, Whitehouse
RH: Atlas of children's growth, London, 1982, Academic Press.)
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FIGURE 3-18

	

Age at menarche declined in both the United
States and northern European countries in the first half of
the 20th century. On the average, children are now larger at
any given age than in the early 1900s, and they also mature
more quickly. This secular trend seems to have leveled off re-
cently. (Redrawn from Tanner JM: Foetus into man, Cambridge,
Mass., 1978, Harvard University Press; 1995 U.S. data from
Herman-Giddens et al: Pediatrics 99:597-598, 1997; 1995
English data from Cooper C et al: Brity Obstet Gyn 103:814-
817, 1996; Russian data from Dubrova YE et al: Human Biology
67:755-767, 1995.)

been a lowering in the age of sexual maturation, so that
children recently have grown faster and matured earlier
than they did previously. Since 1900, in the United States
the average height has increased 2 to 3 inches, and the av-
erage age of girls at first menstruation, the most reliable
sign of sexual maturity, has decreased by more than 1 year
(Figure 3-18). This "secular trend" toward more rapid
growth and earlier maturation has continued until very re-
cently and may still be occurring. The most recent data
suggest that signs of sexual maturation now appear in
many girls much earlier than the previously-accepted stan-
dard dates. 1 2

The trend undoubtedly is related to better nutrition,
which allows the faster weight gain that by itself can trig-
ger earlier maturation. Because a secular trend also has
been observed in populations whose nutritional status does
not seem to have improved significantly, nutrition may not
be the entire explanation. Exposure to environmental

chemicals that have estrogenic effects (like some pesticides,
for instance) may be contributing to earlier sexual matura-
tion. On the other hand, a deficiency in one or two essen-
tial nutritional components can serve to limit the rate of
growth, even if the diet is generally adequate. Physical
growth requires the formation of new protein, and it is
likely that the amount of protein may have been a limiting
factor for many populations in the past. A generally ade-
quate diet that was low in trace minerals, vitamins, or other
minor but important components may have limited the rate
of growth in the past, so that even a small change to supply
previously deficient items may in some instances have al-
lowed a considerable increase in growth.

Maturation of Oral Function
The principal physiologic functions of the oral cavity are
respiration, swallowing, mastication and speech. Although
it may seem odd to list respiration as an oral function, since
the major portal for respiration is the nose, respiratory
needs are a primary determinant of posture of the mandible
and tongue.

At birth, if the newborn infant is to survive, an airway
must be established within a very few minutes and must be
maintained thereafter. To open the airway, the mandible
must be positioned downward and the tongue moved
downward and forward away from the posterior pharyngeal
wall (Figure 3-19). This allows air to be moved through the
nose and across the pharynx into the lungs. Newborn in-
fants are obligatory nasal breathers and may not survive if
the nasal passage is blocked at birth. Later, breathing
through the mouth becomes physiologically possible. At all
times during life, respiratory needs can alter the postural
basis from which oral activities begin.

Respiratory movements are "practiced" in utero, al-
though of course the lungs do not inflate at that time.
Swallowing also occurs during the last months of fetal life,
and it appears that swallowed amniotic fluid may be an
important stimulus to activation of the infant's immune
system.

Once an airway has been established, the newborn in-
fant's next physiologic priority is to obtain milk and trans-
fer it into the gastrointestinal system. This is accomplished
by two maneuvers: suckling (not sucking, with which it is
frequently confused) and swallowing.

The milk ducts of lactating mammals are surrounded
by smooth muscle, which contracts to force out the milk.
To obtain milk, the infant does not have to suck it from the
mothers breast and probably could not do so. Instead, the
infant's role is to stimulate the smooth muscle to contract
and squirt milk into his mouth. This is done by suckling,
consisting of small nibbling movements of the lips, a reflex
action in infants. When the milk is squirted into the mouth,
it is only necessary for the infant to groove the tongue and
allow the milk to flow posteriorly into the pharynx and
esophagus. The tongue, however, must be placed anteri-
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FIGURE 3-19

	

Radiograph of an infant immediately after
birth, during the first breath of life. To breathe, the infant must
position the mandible downward and the tongue forward to
open up an airway and must maintain this posture thereafter.
The arrow indicates the shadow of the tongue, and the open
airway behind it is clearly visible. (From Bosma JF: Am f Orthod
49:94-104, 1963.)

orly in contact with the lower lip, so that milk is in fact
deposited on the tongue.

This sequence of events defines an infantile swallow,
which is characterized by active contractions of the muscu-
lature of the lips, a tongue tip brought forward into contact
with the lower lip, and little activity of the posterior tongue
or pharyngeal musculature. Tongue-to-lower lip apposi-
tion is so common in infants that this posture is usually
adopted at rest, and it is frequently possible to gently move
the infant's lip and note that the tongue tip moves with it,
almost as if the two were glued together (Figure 3-20). The
suckling reflex and the infantile swallow normally disap-
pear during the first year of life.

As the infant matures, there is increasing activation of
the elevator muscles of the mandible as the child swallows.
As semisolid and eventually solid foods are added to the
diet, it is necessary for the child to use the tongue in a more
complex way to gather up a bolus, position it along the
middle of the tongue, and transport it posteriorly. The
chewing movements of a young child typically involve
moving the mandible laterally as it opens, then bringing it
back toward the midline and closing to bring the teeth into
contact with the food. By the time the primary molars be-
gin to erupt, this sort of juvenile chewing pattern is well es-
tablished. By this time also, the more complex movements
of the posterior part of the tongue have produced a definite
transition beyond the infantile swallow.

Maturation of oral function can be characterized in
general as following a gradient from anterior to posterior.
At birth, the lips are relatively mature and capable of vig
orous suckling activity, whereas more posterior structures
are quite immature. As time passes, greater activity by the
posterior parts of the tongue and more complex motions of
the pharyngeal structures are required.

FIGURE 3-20

	

Characteristic placement of the tongue against
the lower lip in an infant of a few months of age. At this stage of
development, tongue contact with the lip is maintained most of
the time.

This principle of front-to-back maturation is particu-
larly well illustrated by the acquisition of speech. The first
speech sounds are the bilabial sounds , /p/, and /b/-which
is why an infant's first word is likely to be "mama" or
"papa." Somewhat later, the tongue tip consonants like /t/
and /d/ appear. The sibilant /s/ and /z/ sounds, which re-
quire that the tongue tip be placed close to but not against
the palate, come later still, and the last speech sound, /r/,
which requires precise positioning of the posterior tongue,
often is not acquired until age 4 or S.

Nearly all modern infants engage in some sort of ha-
bitual non-nutritive sucking-sucking a thumb, finger, or a
similarly shaped object. Some fetuses have been reported to
suck their thumbs in utero, and the vast majority of infants
do so during the period from 6 months to 2 years or later.
This practice is culturally determined to some extent, since
children in primitive groups who are allowed ready access
to the mother's breast for a long period rarely suck any
other object."

After the eruption of the primary molars during the
second year, drinking from a cup replaces drinking from a
bottle or continued nursing at the mother's breast, and the
number of children who engage in non-nutritive sucking
diminishes. When sucking activity stops, a continued
transition in the pattern of swallow leads to the acquisi-
tion of an adult pattern. This type o£ swallow is charac-
terized by a cessation of lip activity (i.e., lips relaxed, the
placement of the tongue tip against the alveolar process
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behind the upper incisors, and the posterior teeth brought
into occlusion during swallowing). As long as sucking
habits persist, however, there will not be a total transition
to the adult swallow.

Surveys of American children indicate that at age 8,
about 60% have achieved an adult swallow, while the
remaining 40% are still somewhere in the transition.1 4
After sucking habits are extinguished, a complete transi-
tion to the adult swallow may require some months. This
is complicated, however, by the fact that an anterior open
bite, which may well be present if a sucking habit has
persisted for a long time, can delay the transition even
further because of the physiologic need to seal the ante-
rior space. The relationship of tongue position and the
pattern of swallowing to malocclusion is discussed further
in Chapter 5.

The chewing pattern of the adult is quite different
from that of a typical child: an adult typically opens straight
down, then moves the jaw laterally and brings the teeth into
contact, whereas a child moves the jaw laterally on opening
(Figure 3-21). The transition from the juvenile to adult
chewing pattern appears to develop in conjunction with
eruption of the permanent canines, at about age 12. Inter-
estingly, adults who do not achieve normal function of the
canine teeth because of a severe anterior open bite retain
the juvenile chewing pattern. 1 5

Eruption of the Primary Teeth
At birth, neither the maxillary nor the mandibular alveolar
process is well developed. Occasionally, a "natal tooth" is
present, although the first primary teeth normally do not
erupt until approximately 6 months of age. The natal tooth
may be a supernumerary one, formed by an aberration in
the development of the dental lamina, but usually is merely
a very early but otherwise normal central incisor. Because
of the possibility that it is perfectly normal, such a natal
tooth should not be extracted casually.

The timing and sequence of eruption of the primary
teeth are shown in Table 3-2. The dates of eruption are rel-
atively variable; up to 6 months of acceleration or delay is
within the normal range. The eruption sequence, however,
is usually preserved. One can expect that the mandibular
central incisors will erupt first, closely followed by the
other incisors. After a 3-to-4 month interval, the mandibu-
lar and maxillary first molars erupt, followed in another
3 or 4 months by the maxillary and mandibular canines,
which nearly fill the space between the lateral incisor and
first molar. The primary dentition is usually completed at
24 to 30 months as the mandibular, then the maxillary sec-
ond molars erupt.

Spacing is normal throughout the anterior part of the
primary dentition but is most noticeable in two locations,
called the primate spaces. (Most subhuman primates have
these spaces throughout life, thus the name.) In the max-
illary arch, the primate space is located between the lat-

Chewing Movements At The Central Incisor

FIGURE 3-21

	

Chewing movements of an adult contrasted to
a child. Children move the jaw laterally on opening, while adults
open straight down, then move the jaw laterally. (Redrawn from
Lundeen HC, Gibbs CH: Advances in occlusion, Boston, 1982,
John Wright's PSG, Inc.)

FIGURE 3-22

	

The crowns of the permanent incisors (red) lie
lingual to the crowns of the primary incisors (black), particularly
in the case of the maxillary laterals. Arrows point to the primate
spaces.
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eral incisors and canines, whereas in the mandibular arch,
the space is between the canines and first molars (Figure
3-22). The primate spaces are normally present from the
time the teeth erupt. Developmental spaces between the
incisors are often present from the beginning, but become
somewhat larger as the child grows and the alveolar
processes expand. Generalized spacing of the primary
teeth is a requirement for proper alignment of the perma-
nent incisors.

LATE CHILDHOOD: THE MIXED
DENTITION YEARS

Physical Development in Late Childhood
Late childhood, from age 5 or 6 to the onset of puberty, is
characterized by important social and behavioral changes
(see Chapter 2) but the physical development pattern of
the previous period continues. The normally different
rates of growth for different tissue systems, however, must
be kept in mind. The maximum disparity in the develop-
ment of different tissue systems occurs in late childhood
(see Figure 2-2).

By age 7, a child has essentially completed his or her
neural growth. The brain and the brain case are as large as
they will ever be, and it is never necessary to buy a child a
larger baseball cap because of growth (unless, of course, the
growth is of uncut hair). Lymphoid tissue throughout the
body has proliferated beyond the usual adult levels, and
large tonsils and adenoids are common. In contrast, growth
of the sex organs has hardly begun and general body
growth is only modestly advanced. During early childhood
the rate of general body growth declines from the rapid
pace of infancy, then stabilizes at a moderate lower level
during late childhood. Both nutrition and general health
can affect the level at which stabilization occurs.

Eruption of the Permanent Teeth
The eruption of any tooth can be divided into several stages.
This includes the primary teeth: the physiologic principles
underlying eruption that are discussed in this section are not
different for the primary teeth, despite the root resorption
that eventually causes their loss. The nature of eruption and
its control before the emergence of the tooth into the
mouth are somewhat different from eruption after emer-
gence, and we will consider these major stages separately.

Preemergent Eruption. During the period when
the crown of a tooth is being formed, there is a very slow
labial or buccal drift of the tooth follicle within the bone,
but this follicular drift is not attributed to the eruption
mechanism itself. In fact, the amount of change in the po-
sition of the tooth follicle is extremely small, observable
only with vital staining experiments and so small that a fol-
licle can be used as a natural marker in radiographic stud-
ies of growth. Eruptive movement begins soon after the
root begins to form. This supports the idea that metabolic
activity within the periodontal ligament is a major part of,
if not the only mechanism for, eruption.

Two processes are necessary for preemergent eruption.
First, there must be resorption of bone and primary tooth
roots overlying the crown of the erupting tooth; second,
the eruption mechanism itself then must move the tooth
in the direction where the path has been cleared (Figure
3-23). Although the two mechanisms normally operate in
concert, in some circumstances they do not. Investigations
of the results of a failure of bone resorption, or alternately,
of a failure of the eruption mechanism when bone resorp-
tion is normal, have yielded considerable insight into the
control of preemergent eruption.

Defective bone resorption occurs in a mutant species
of mice, appropriately labeled la, for Incisors absent. In
these animals, the deficient bone resorption means that the
incisor teeth cannot erupt, and they never appear in the
mouth. Failure of teeth to erupt because of a failure of bone

FIGURE 3-23

	

Panoramic radiograph of normal eruption in a 10-year-old boy. Note that the
permanent teeth erupt as resorption of overlying primary teeth and bone occurs. Resorption must
occur to make eruption possible.
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resorption also occurs in humans, as for instance in the syn-
drome of cleidocranial dysplasia (Figure 3-24). In children
with this condition, not only is resorption of primary teeth
and bone deficient, but heavy fibrous gingiva and multiple
supernumerary teeth also impede normal eruption. All of
these serve to mechanically block the succedaneous teeth
(those replacing primary teeth) from erupting. If the inter-
ferences are removed, the teeth often erupt and can be
brought into occlusion. 16

It has been demonstrated experimentally in animals that
the rate of bone resorption and the rate of tooth eruption are
not controlled physiologically by the same mechanism. For
instance, if the tooth bud of a dog premolar is wired to the
lower border of the mandible, the tooth can no longer erupt
because of this mechanical obstruction, but resorption of
overlying bone proceeds at the usual rate, resulting in a large
cystic cavity overlying the ligated tooth bud. 17

On at least two occasions, the same experiment has in-
advertently been done to a child, in whom an unerupted per-
manent tooth was inadvertently wired to the lower border of
the mandible when a mandibular fracture was repaired (Fig-
ure 3-25). The result was the same as in the animal experi-
ments: eruption of the tooth stopped, but bone resorption
continued. In a rare but now well documented human syn-
drome called "primary failure of eruption," affected poste-
rior teeth fail to erupt, presumably because of a defect in the
eruption mechanism (see Chapter 5). In these individuals,
bone resorption apparently proceeds normally, but the in-
volved teeth simply do not follow the path that has been
cleared.

It appears, therefore, that resorption is the rate-limit-
ing factor in preemergent eruption. Normally, the overly-
ing bone and primary teeth resorb, and the eruption mech
anism then moves the tooth into the space created by the
resorption. Nevertheless, the follicle of the erupting tooth
normally signals for the bone resorption that allows erup-

tion, and a misdirected tooth can follow a widely abnormal
eruption path because of this. The nature of the signal is
unknown: pressure? chemical? something else?

Despite many years of study, the precise mechanism
through which the eruption force is generated remains un-
known. From animal studies, it seems clear that at least the
major eruption mechanism (there may, after all, be more
than one) is localized within the periodontal ligament. Sub-
stances that interfere with the development of cross-links
in maturing collagen interfere with eruption, which makes
it tempting to theorize that cross-linking of maturing col-
lagen in the periodontal ligament provides the eruptive
force. It is no coincidence that eruptive movements begin
when root formation starts and a periodontal ligament be-
gins to develop.

Other possibilities for the eruption mechanism be-
sides collagen maturation are localized variations in blood
pressure or flow, forces derived from contraction of fi
broblasts, and alterations in the extracellular ground sub-
stances of the periodontal ligament similar to those that
occur in thixotropic gels (see Marks and Schroeder1 8 for a
review). A tooth will continue to erupt after its apical area
has been removed, so the proliferation of cells associated
with lengthening of the root is not an essential part of the
mechanism. Normally, the rate of eruption is such that the
apical area remains at the same place while the crown
moves occlusally, but if eruption is mechanically blocked,
the proliferating apical area will move in the opposite di-
rection, inducing resorption where it usually does not oc-
cur (Figure 3-26). This often causes a distortion of root
form, which is called dilaceration.

Postemergent Eruption. Once a tooth emerges
into the mouth, it erupts rapidly until it approaches the oc-
clusal level and is subjected to the forces of mastication. At
that point, its eruption slows and then as it reaches the
occlusal level of other teeth and is in complete function,

FIGURE 3-24

	

Panoramic radiograph of an 8-year-old patient with cleidocranial dysplasia,
showing the characteristic features of this condition. In cleidocranial dysplasia, the succedaneous
teeth do not erupt because of abnormal resorption of both bone and primary teeth, and the erup-
tion of nonsuccedaneous teeth is delayed by fibrotic gingiva. Supernumerary teeth often are also
present, as in this patient, creating additional mechanical obstruction.
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FIGURE 3-25

	

Radiographs of a boy whose lower jaw was fractured at age 10. A, Immediately after
the fracture, when osseous wires were placed to stabilize the bony segments. One of the wires inadver-
tently pinned the mandibular left canine to the bone, simulating Cahill's experiments with animals. B, One
year later. Note that resorption over the canine has proceeded normally, clearing its eruption path even
though it has not moved. (Courtesy Dr. John Lin.)

FIGURE 3-26

	

In this 14-year-old boy, normal resorption of the root of the second primary molar has
not occurred, and eruption of the first premolar has been delayed by mechanical obstruction. Note the
lengthening of the crypt of this tooth, with resorption at the apical area. Some distortion of root form is
probably also occurring.
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FIGURE 3-27

	

A, Eruption plots for human second premolars observed via a fiber optic cable to a
video microscope, which provides 1-2 micron resolution, from 8 Pm (20:00) to 6 Am (06:00). Note the
consistent pattern of eruption in the early evening, trailing off to no eruption or intrusion toward
midnight, with no further eruption after that. It now is clear that eruption occurs only during a few criti-
cal hours in the early evening. (Redrawn from Risinger RK, Proffit WR: Arch Oral Biol41:779-786, 1996.)
B, Eruption plots for a human second premolar observed via Moire magnification, which provides 0.2 mi-
cron resolution, over a 30-minute period in the early evening when force opposing eruption was applied
while active eruption was occurring. Note that the tooth erupted nearly 10 microns during this short time.
The vertical spikes are movement artefacts produced by the applied force; a short-duration cycle super-
imposed on the eruption curve (significance unknown) also can be observed. Force applications either
have no effect on eruption, as in this subject, or produce a transient depression of eruption that lasts less
than 2 minutes. (Redrawn from Gierie WV, Paterson RL, Proffit WR: Arch Oral Biol44:423-428, 1999.)



FIGURE 3-29

	

The amount of tooth eruption after the teeth have come into occlusion
equals the vertical growth of the ramus in a patient who is growing normally. Vertical growth
increases the space between the jaws, and the maxillary and mandibular teeth normally divide
this space equally. Note the equivalent eruption of the upper and lower molars in this patient
between age 10 (black) and 14 (red). This is a normal growth pattern.
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growth of the mandibular ramus (Figure 3-29). As the
mandible continues to grow, it moves away from the max-
illa, creating a space into which the teeth erupt. Exactly
how eruption is controlled so that it matches mandibular
growth, however, is not known, and since some of the more

eruption all but halts. The stage of relatively rapid eruption
from the time a tooth first penetrates the gingiva until it
reaches the occlusal level is called the postemergent spurt, in
contrast to the following phase of very slow eruption,
termed thejuvenile occlusal equilibrium.

Recently new instrumentation has made it possible to
track the short-term movements of a tooth during the
postemergent spurt, and it has been observed that eruption
occurs only during a critical period between 8 PM and
midnight or 1 AM.1 9 During the early morning hours and
the day, the tooth stops erupting and often intrudes slightly
(Figure 3-27). The day-night differences in eruption seem
to reflect an underlying circadian rhythm, probably related
to the very similar cycle of growth hormone release. Ex-
periments with the application of pressure against an erupt-
ing premolar suggest that eruption is stopped by force for
only one to three minutes, so food contacts with the erupt-
ing tooth even though it is out of contact with its antago-
nist, almost surely do not explain the daily rhythm. 20

The eruption mechanism may be different after emer-
gence-collagen crosslinking in the periodontal ligament is
more prominent after a tooth comes into occlusal function,
so shortening of collagen fibers as the mechanism seems
more likely-and the control mechanism certainly is dif-
ferent (Figure 3-28). It seems obvious that as a tooth is sub-
jected to biting forces that oppose eruption, the overall rate
of eruption would be slowed, and in fact exactly this occurs.
In humans, after the teeth reach the occlusal level, eruption
becomes almost imperceptibly slow although it definitely
continues. During the juvenile equilibrium, teeth that are
in function erupt at a rate that parallels the rate of vertical

FIGURE 3-28

	

Diagrammatic representation of the equilib-
rium between forces promoting eruption and those opposing it,
after a tooth has emerged into the oral cavity.
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difficult orthodontic problems arise when eruption does
not coincide with growth, this is an important area for
further study.

The amount of eruption necessary to compensate for
jaw growth can best be appreciated by observing what
happens when a tooth becomes ankylosed (i.e., fused to
the alveolar bone). An ankylosed tooth appears to sub-
merge over a period as the other teeth continue to erupt,
while it remains at the same vertical level (Figure 3-30).
The total eruption path of a first permanent molar is
about 2.5 cm. Of that distance, nearly half is traversed af-
ter the tooth reaches the occlusal level and is in function.
If a first molar becomes ankylosed at an early age, which
fortunately is rare, it can "submerge" to such an extent
that the tooth is covered over again by the gingiva as other
teeth erupt and the alveolar process increases in height
(Figure 3-31).

Since the rate of eruption parallels the rate of jaw
growth, it is not surprising that a pubertal spurt in erup-
tion of the teeth accompanies the pubertal spurt in jaw
growth. This reinforces the concept that after a tooth is
in occlusion, the rate of eruption is controlled by the
forces opposing eruption, not those promoting it. After
a tooth is in the mouth, the forces opposing eruption are
those from chewing, and perhaps in addition, soft tissue
pressures from lips, cheeks, or tongue contacting the
teeth. If eruption only occurs during quiet periods, the
soft tissue pressures (from tongue position during sleep,
for instance) probably are more important in controlling
eruption than the heavy pressures during chewing. Light
pressures of long duration are more important in pro-
ducing orthodontic tooth movement (see Chapter 10),
so it also seems logical that light but prolonged pressures
might affect eruption.

FIGURE 3-30 The mandibular second primary molars in this young adult, whose second
premolars were congenitally missing, became ankylosed well before eruption of the other teeth was
completed. Their apparant submergence is really because the other teeth have erupted past them.
Note that the permanent first molars have tipped mesially over the submerged primary molars.

FIGURE 3-31

	

The first molar in this 15-year-old girl ceased erupting soon after its emergence
into the mouth at age 6 or 7. When the dentist placed an occlusal restoration, the tooth was
apparently in or near occlusion, well into the oral cavity. This dramatically illustrates the amount
of eruption that must occur after the initial occlusal contact of first molars.
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When the pubertal growth spurt ends, a final phase in
tooth eruption called the adult occlusal equilibrium is
achieved. During adult life, teeth continue to erupt at an
extremely slow rate. If its antagonist is lost at any age, a
tooth can again erupt more rapidly, demonstrating that the
eruption mechanism remains active and capable of produc-
ing significant tooth movement even late in life.

Wear of the teeth may become significant as the years
pass. If extremely severe wear occurs, eruption may not
compensate for the loss of tooth structure, so that the ver
tical dimension of the face decreases. In most individuals,
however, any wear of the teeth is compensated by addi-
tional eruption, and face height remains constant or even
increases slightly in the fourth, fifth, and sixth decades of
life (see the section on maturation and aging in Chapter 4).

Eruption Sequence and Timing (Table 3-3).

	

The
transition from the primary to the permanent dentition be-
gins at about age 6 with the eruption of the first permanent
molars, followed soon thereafter by the permanent in-
cisors. The permanent teeth tend to erupt in groups, and it
is less important to know the most corhmon eruption se-
quence than to know the expected timing of these eruption
stages. The stages are used in the calculation of dental age,

which is particularly important during the mixed dentition
years. Dental age is determined from three characteristics.
The first is which teeth have erupted. The second and
third, which are closely related, are the amount of resorp-
tion of the roots of primary teeth and the amount of devel-
opment of the permanent teeth.

The first stage of eruption of the permanent teeth, at
dental age 6, is illustrated in Figure 3-32. The most com-
mon eruption sequence is the eruption of the mandibular
central incisor, closely followed by the mandibular first
permanent molar and the maxillary first permanent molar.
These teeth normally erupt at so nearly the same time,
however, that it is quite within normal variation for the first
molars to slightly precede the mandibular central incisors
or vice versa. Usually, the mandibular molar will precede
the maxillary molar. The beginning eruption of this group
of teeth characterizes dental age 6.

In the second stage of eruption at dental age 7, the
maxillary central incisors and the mandibular lateral in-
cisors erupt. The maxillary central incisor is usually a year
behind the mandibular central incisor, but erupts simulta-
neously with the mandibular lateral incisor. At dental age 7,
root formation of the maxillary lateral incisor is well

FIGURE 3-32

	

The first stage of eruption of the permanent teeth, at age 6, is
characterized by the near-simultaneous eruption of the mandibular central
incisors, the mandibular first molars, and the maxillary first molars. A, Drawing
of right side; B, panoramic radiograph.

TABLE 3-3

	

Chronology of Tooth Development, Permanent Dentition
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FIGURE 3-33

	

Dental age S is characterized by eruption of the maxillary
lateral incisors.

FIGURE 3-34

	

At dental age 9, the maxillary lateral incisors have been in
place for 1 year, and root formation on other incisors and first molars is nearly
complete. Root development of the maxillary canines and all second premolars
is just beginning, while about one third of the root of the mandibular
canines and all of the first premolars have been completed.

FIGURE 3-35

	

Dental age 11 is characterized by the more or less simulta-
neous eruption of the mandibular canines, mandibular first premolars, and
maxillary first premolars.
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advanced, but it is still about 1 year from eruption, while
the canines and premolars are still in the stage of crown
completion or just at the beginning of root formation.

Dental age 8 (Figure 3-33) is characterized by the
eruption of the maxillary lateral incisors. After these teeth
come into the arch, there is a delay of 2 to 3 years before
any further permanent teeth appear.

Since no teeth are erupting at that time, dental ages 9
and 10 must be distinguished by the extent of resorption of
the primary canines and premolars and the extent of root
development of their permanent successors. At dental age
9, the primary canines, first molars, and second molars are
present. Approximately one third of the root of the
mandibular canine and the mandibular first premolar is
completed. Root development is just beginning, if it has
started at all, on the mandibular second premolar (Figure
3-34). In the maxillary arch, root development has begun
on the first premolar but is just beginning, if it is present at
all, on both the canine and the second premolar.

Dental age 10 is characterized by a greater amount of
both root resorption of the primary canines and molars,
and root development of their permanent successors. At
dental age 10, approximately one half of the roots of the
mandibular canine and mandibular first premolar have
been completed; nearly half the root of the upper first pre-
molar is complete; and there is significant root develop-
ment of the mandibular second premolar, maxillary canine,
and maxillary second premolar.

Teeth usually emerge when three fourths of their roots
are completed.21 Thus a signal of the impending eruption
of a tooth that has not yet appeared is its root development
approaching this level. The roots of the incisors were not
complete, of course, when they first erupted. It takes about
2 to 3 years for roots to be completed after a tooth has
erupted into occlusion.

Another indicator of dental age 10, therefore, would be
completion of the roots of the mandibular incisor teeth and

near completion of the roots of the maxillary laterals. By
dental age 11, the roots of all incisors and first permanent
molars should be well completed.

Dental age 11 (Figure 3-35) is characterized by the
eruption of another group of teeth: the mandibular canine,
mandibular first premolar, and maxillary first premolar,
which all erupt more or less simultaneously. In the
mandibular arch, the mandibular canine most often ap-
pears just ahead of the first premolar, but the similarity in
the time of eruption, not the details of the sequence, is the
important point. In the maxillary arch, on the other hand,
the first premolar usually erupts well ahead of the canine.
At dental age 11, the only remaining primary teeth are the
maxillary canine and second molar, and the mandibular
second molar.

At dental age 12 (Figure 3-36), the remaining Succeda-
neous permanent teeth erupt. Succedaneous refers to perma-
nent teeth that replace primary predecessors; thus a canine
is a Succedaneous tooth, whereas a first molar is not. In
addition, at age 12 the second permanent molars in both
arches are nearing eruption. The Succedaneous teeth com-
plete their eruption before the emergence of the second mo-
lars in most but by no means all normal children. Although
mineralization often begins later, it is usually possible to
note the early beginnings of the third molars by age 12.

Dental ages 13, 14, and 15 are characterized by the ex-
tent of completion of the roots of permanent teeth. By den-
tal age 15 (Figure 3-3 7), if a third molar is going to form, it
should be apparent on the radiographs, and the roots of all
other permanent teeth should be complete.

Like all other developmental ages (discussed in more
detail in paragraphs following), dental age correlates with
chronologic age-but the correlation for dental age is one
of the weakest. In other words, the teeth erupt with a con-
siderable degree of variability from the chronologic age
standards. 22 It remains true, however, that the teeth erupt
in the stages described above. A child who has precocious

FIGURE 3-36

	

Dental age 12 is characterized by eruption of the remaining
Succedaneous teeth (the maxillary canine and the maxillary and mandibular
second premolars) and, typically a few months later, the maxillary and mandibu-
lar second molars.



86

	

SECTION 11

	

The Development of Orthodontic Problems

FIGURE 3-37

	

By dental age 15, the roots of all permanent teeth except the
third molars are complete, and crown formation of third molars often has been
completed.

dental development might have the mandibular central in-
cisors and first molars erupt at age 5 and could reach den-
tal age 12 by chronologic age 10. A child with slow dental
development might not reach dental age 12 until chrono-
logic age 14, which is within the range of normal variation.

A change in the sequence of eruption is a much more
reliable sign of a disturbance in normal development than
a generalized delay or acceleration. The more a tooth devi
ates from its expected position in the sequence, the greater
the likelihood of some sort of problem. For example, a
delay in eruption of maxillary canines to age 14 is within
normal variation if the second premolars are also delayed,
but if the second premolars have erupted at age 12 and the
canines have not, something is probably wrong.

Several reasonably normal variations in eruption se-
quence have clinical significance and should be recognized.
These are: (1) eruption of second molars ahead of premo
lars in the mandibular arch, (2) eruption of canines ahead
of premolars in the maxillary arch, and (3) asymmetries in
eruption between the right and left sides.

Early eruption of the mandibular second molars can be
unfortunate in a dental arch where room to accommodate
the teeth is marginal. The eruption of the second molar be
fore the second premolar tends to decrease the space for
the second premolar and may lead to its being partially
blocked out of the arch. Some dental intervention may be
needed to get the second premolar into the arch when the
mandibular second molar erupts early.

If a maxillary canine erupts at about the same time as
the maxillary first premolar (remember that this is the nor-
mal eruption sequence of the lower arch but is abnormal in
the upper), the canine probably will be forced labially.
Labial positioning of maxillary canines often occurs when
there is an overall lack of space in the arch, because this
tooth is the last to erupt normally; but displacement of the
canine also can be an unfortunate consequence of an
eruption sequence abnormality.

An asymmetry in the rate of eruption on the two sides
of the dental arch is a frequent enough variation to approach
the bounds of normal. A striking illustration of genetic in
fluences on eruption timing is seen in identical twins, who
frequently have mirror-image asymmetries in the dentition
at the various stages of eruption. For example, if the premo-
lars erupt a little earlier on the left in one of the twins, they
will erupt a little earlier on the right in the other. The nor-
mal variation is only a few months, however. As a general
rule, if a permanent tooth on one side erupts but its coun-
terpart on the other does not within 6 months, a radiograph
should be taken to investigate the cause of the problem.
Although small variations from one side to the other are
normal, large ones often indicate a problem.

Space Relationships in Replacement
of the Incisors
If a dissected skull is examined, it can be seen that in both
the maxillary and mandibular arches, the permanent in-
cisor tooth buds lie lingual as well as apical to the primary
incisors (Figure 3-38). The result is a tendency for the
mandibular permanent incisors to erupt somewhat lin-
gually and in a slightly irregular position, even in children
who have normal dental arches and normal spacing within
the arches. In the maxillary arch, the lateral incisor is
likely to be lingually positioned at the time of its emer-
gence and to remain in that position if there is any crowd-
ing in the arch. The permanent canines are positioned to
lie more nearly in line with the primary canines. If there
are problems in eruption, these teeth can be displaced
either lingually or labially, but usually they are displaced
labially if there is not enough room to accommodate them
within the arch.

The permanent incisor teeth are considerably larger
than the primary incisors that they replace. For instance,
the mandibular permanent central incisor is about 5.5 mm
in width, whereas the primary central it replaces is about 3



CHAPTER 3

	

Early Stages of Development

	

87

FIGURE 3-38

	

This photograph of the dissected skull of a
child of approximately 6 years of age shows the relationship of the
developing permanent tooth buds to the primary teeth. Note that
the permanent incisors are positioned lingual to the roots of the
primary incisors, while the canines are more labially placed.
(From van der Linden FPGM, Deuterloo HS: Development of the
human dentition: an atlas, New York, 1976, Harper & Row.)

mm in width. Because the other permanent incisors and ca-
nines are each 2 to 3 mm wider than their primary prede-
cessors, spacing between the primary incisors is not only
normal, it is critically important (Figure 3-39). Otherwise,
there will not be enough room for the permanent incisors
when they erupt.

Spacing in the primary incisor region is normally dis-
tributed among all the incisors, not just in the "primate
space" locations where permanent spaces exist in most
mammalian species (see Figure 3-22). This arrangement of
the primary incisor teeth with gaps between them may not
be very pretty, but it is normal. All dentists sooner or later
meet a mother like Janie's, who is very concerned that her
child has crowded permanent incisors. Her frequent com-
ment is, "But Janie had such beautiful baby teeth!" What
the mother means is that Janie's primary incisors lacked the
normal spacing. An adult appearing smile in a primary den-
tition child is an abnormal, not a normal finding-the
spaces are necessary for alignment of the permanent teeth.

Changes in the amount of space anterior to the canine
teeth are shown graphically in Figure 3-40. Note the excess

FIGURE 3-39

	

Spacing of this magnitude between the primary incisors is normal in the late
primary dentition and is necessary to provide enough room for alignment of the permanent incisors
when they erupt. At age 6 a gap-toothed smile, not a "Hollywood smile" with the teeth in contact,
is what you would like to see.
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FIGURE 3-40

	

Graphic representation of the average amount of space available within the arches in
boys (left) and girls (right). The time of eruption of the first molar (M I), central and lateral incisors (1 1 and
1,), and canines (C) are shown by arrows. Note that in the mandibular arch in both sexes, the amount of
space for the mandibular incisors is negative for about 2 years after their eruption, meaning that a small
amount of crowding in the mandibular arch at this time is normal. (From Moorrees CFA, Chadha JM:
Angle Orthod 35:12-22, 1965.)

space in the maxillary and mandibular arches before the
permanent incisors begin to erupt. In the maxillary arch,
the primate space is mesial to the canines and is included in
the graph. In the mandibular arch, the primate space is dis-
tal to the canine, which adds nearly another millimeter to
the total available space in the lower arch. The total
amount of spacing in the two arches therefore is about the
same. The primary molars normally have tight contacts, so
there is no additional spacing posteriorly.

When the central incisors erupt, these teeth use up es-
sentially all of the excess space found in the normal primary
dentition. With the eruption of the lateral incisors, the
space situation becomes tight in both arches. The maxillary
arch, on the average, has just enough space to accommo-
date the permanent lateral incisors when they erupt. In the
mandibular arch, however, when the lateral incisors erupt,
there is on the average 1.6 mm less space available for the
four mandibular incisors than would be required to per-
fectly align them (see Figure 3-40). This difference be-
tween the amount of space needed for the incisors and the
amount available for them is called the "incisor liability."
Because of the incisor liability, a normal child will go
through a transitory stage of mandibular incisor crowding
at age 8 to 9 even if there will eventually be enough room
to accommodate all the permanent teeth in good alignment
(Figure 3-41). In other words, a period when the mandibu-
lar incisors are slightly crowded is a normal developmental
stage. Continued development of the arches improves the
spacing situation, and by the time the canine teeth erupt,
space is once again adequate.

Where did the extra space come from to align these
mildly crowded lower incisors? Most jaw growth is in the
posterior, and there is no mechanism by which the
mandible can easily become longer in its anterior region.
Rather than from jaw growth per se, the extra space comes
from three sources (Figure 3-42)Z3 :

FIGURE 3-41

	

Mild irregularity of the mandibular incisors,
of the magnitude pictured here, is normal at age 7 to 8, when the
permanent incisors and first molars have erupted but the primary
canines and molars are retained.

1. A slight increase in the width of the dental arch
across the canines. As growth continues, the teeth
erupt not only upward but also slightly outward.
This increase is small, about 2 mm on the average,
but it does contribute to the resolution of early
crowding of the incisors. More width is gained in
the maxillary arch than in the mandibular, and more
is gained by boys than by girls. For this reason, girls
have a greater liability to incisor crowding, particu-
larly mandibular incisor crowding.

2. Labial positioning of the permanent incisors rela-
tive to the primary incisors. The primary incisors
tend to stand quite upright. As the permanent in-
cisors replace them, these teeth lean slightly for-
ward, which arranges them along the arc of a larger
circle. Although this change is also small, it con-
tributes 1 to 2 mm of additional space in the aver-
age child, and thus helps resolve crowding.
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FIGURE 3-42

	

Tooth sizes and arch dimensions in the transi-
tion to the permanent dentition. The additional space to align
mandibular incisors, after the period of mild normal crowding, is
derived from three sources: (1) a slight increase in arch width
across the canines, (2) slight labial positioning of the central and
lateral incisors, and (3) a distal shift of the permanent canines
when the primary first molars are exfoliated. The primary molars
are significantly larger than the premolars that replace them, and
the "leeway space" provided by this difference offers an excellent
opportunity for natural or orthodontic adjustment of occlusal re-
lationships at the end of the dental transition. Both arch length
(L), the distance from a line perpendicular to the mesial surface of
the permanent first molars to the central incisors, and arch cir-
cumference (C) tend to decrease during the transition (i.e., some
of the leeway space is used by mesial movement of the molars).

FIGURE 3-43

	

In some children, the maxillary incisors flare
laterally and are widely spaced when they first erupt, a condition
often called the "ugly duckling" stage. The spaced incisors tend
to improve when the permanent canines erupt, but this condition
increases the possibility that the canines will become impacted.

3. Repositioning of the canines in the mandibular
arch. As the permanent incisors erupt, the canine
teeth not only widen out slightly but move slightly
back into the primate space. This contributes to the
slight width increase already noted because the arch
is wider posteriorly, and it also provides an extra
millimeter of space. Since the primate space in the
maxillary arch is mesial to the canine, there is little
opportunity for a similar change in the anteropos-
terior position of the maxillary canine.

It is important to note that all three of these changes
occur without significant skeletal growth in the front of the
jaws. The slight increases in arch dimension during normal
development are not sufficient to overcome discrepancies of
any magnitude, so crowding is likely to persist into the per-
manent dentition if it was severe initially. In fact, crowding of
the incisors-the most common form of Angle's Class I mal-
occlusion-is by far the most prevalent form of malocclusion.

The mandibular permanent central incisors are al-
most always in proximal contact from the time that they
erupt. In the maxillary arch, however, there may continue
to be a space, called a diastema, between the maxillary cen-
tral incisors in the permanent dentition, after the perma-
nent teeth erupt. A central diastema tends to close as the
lateral incisors erupt but may persist even after the lateral
incisors have erupted, particularly if the primary canines
have been lost or if the upper incisors are flared to the
labial. This situation is another of the variations in the
normal developmental pattern that occur frequently
enough to be almost normal. Since the spaced upper in-
cisors are not very esthetic, this is referred to as the "ugly
duckling stage" of development (Figure 3-43).

FIGURE 3-44 The size difference between the primary
molars and permanent premolars, as would be observed in a
panoramic radiograph.

The spaces tend to close as the permanent canines erupt.
The greater the amount of spacing, the less the likelihood
that a maxillary central diastema will totally close on its own.
As a general guideline, a maxillary central diastema of 2 mm
or less will probably close spontaneously, while total closure
of a diastema initially greater than 2 mm is unlikely. 24

Space Relationships in Replacement
of Canines and Primary Molars
In contrast to the anterior teeth, the permanent premolars
are smaller than the primary teeth they replace (Figure
3-44). The mandibular primary second molar is on the av-
erage 2 mm larger than the second premolar, while in the
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maxillary arch, the primary second molar is 1.5 mm larger.
The primary first molar is only slightly larger than the first
premolar, but does contribute an extra 0.5 mm in the
mandible. The result is that each side in the mandibular
arch contains about 2.5 mm of what is called leeway space,

while in the maxillary arch, about 11.5 mm is available on
the average.

When the second primary molars are lost, the first per-
manent molars move forward (mesially) relatively rapidly,
using the leeway space. This decreases both arch length
and arch circumference, which are related and commonly
confused terms. The difference between them is illustrated
in Figure 3-42. Even if incisor crowding is present, the lee-
way space is normally used by mesial movement of the per-
manent molars. An opportunity for orthodontic treatment
is created at this time, since crowding could be relieved by
using the leeway space (see Chapters 13 and 14).

Occlusal relationships in the mixed dentition parallel
those in the permanent dentition, but the descriptive
terms are somewhat different. A normal relationship of the
primary molar teeth is the push terminal plane relationship

illustrated in Figure 3-45. The primary dentition equiva-
lent of Angle's Class 11 is the distal step. A mesial step rela-
tionship corresponds to Angle's Class 1. An equivalent of
Class III is almost never seen in the primary dentition be-
cause of the normal pattern of craniofacial growth in
which the mandible lags behind the maxilla.

At the time the primary second molars are lost, both
the maxillary and mandibular molars tend to shift mesially
into the leeway space, but the mandibular molar normally
moves mesially more than its maxillary counterpart. This
differential movement contributes to the normal transition
from a flush terminal plane relationship in the mixed den-
tition to a Class I relationship in the permanent dentition.

Differential growth of the mandible relative to the
maxilla is also an important contributor to the molar tran-
sition. As we have discussed, a characteristic of the growth
pattern at this age is more growth of the mandible than the
maxilla, so that a relatively deficient mandible gradually
catches up. Conceptually, one can imagine that the upper
and lower teeth are mounted on moving platforms, and
that the platform on which the lower teeth are mounted

FIGURE 3-45

	

Occlusal relationships of the primary and permanent molars. The flush terminal plane
relationship, shown in the middle left, is the normal relationship in the primary dentition. When the first
permanent molars erupt, their relationship is determined by that of the primary molars. The molar rela-
tionship tends to shift at the time the second primary molars are lost and the adolescent growth spurt
occurs, as shown by the arrows. The amount of differential mandibular growth and molar shift into the
leeway space determines the molar relationship, as shown by the arrows as the permanent dentition is
completed. With good growth and a shift of the molars, the change shown by the solid black line can be
expected. (Adapted from Moyers RE: Handbook of orthodontics, ed 3, Chicago, 1973, Mosby.)
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moves a bit faster than the upper platform. This differen-
tial growth of the jaws carries the mandible slightly forward
relative to the maxilla during the mixed dentition.

If a child has a flush terminal plane molar relationship
early in the mixed dentition, about 3.5 mm of movement of
the lower molar forward relative to the upper molar is re
quired for a smooth transition to a Class I molar relation-
ship in the permanent dentition. About half of this distance
must be supplied by differential growth of the lower jaw,
carrying the lower molar with it. The other half can be ob-
tained from the leeway space, which allows greater mesial
movement of the mandibular than the maxillary molar.

Only a modest change in molar relationship can be
produced by this combination of differential growth of the
jaws and differential forward movement of the lower mo
lar. It must be kept in mind that the changes described here
are those that happen to a child experiencing a normal
growth pattern. There is no guarantee in any given indi-
vidual that differential forward growth of the mandible will
occur, nor that the leeway space will close in a way that
moves the lower molar relatively forward.

The possibilities for the transition in molar relationship
from the mixed to the early permanent dentition are sum-
marized in Figure 3-45. Note that the transition is usually
accompanied by a one-half cusp (3 to 4 mm) relative for-
ward movement of the lower molar, accomplished by a
combination of differential growth and tooth movement. A
child's initial distal step relationship may change during the
transition to an end-to-end (one-half cusp Class II) rela-
tionship in the permanent dentition but is not likely to be
corrected all the way to Class I. It also is possible that the
pattern of growth will not lead to greater prominence of the
mandible, in which case the molar relationship in the per-
manent dentition probably will remain a full cusp Class 11.

Similarly, a flush terminal plane relationship, which
produces an end-to-end relationship of the permanent mo-
lars when they first erupt, can change to Class I in the per
manent dentition but can remain end-to-end in the perma-
nent dentition if the growth pattern is not favorable.

Finally, a child who has experienced early mandibular
growth may have a mesial step relationship in the primary
molars, producing a Class I molar relationship at an early
age. It is quite possible for this mesial step relationship to
progress to a half-cusp Class III during the molar transition
and proceed further to a full Class III relationship with
continued mandibular growth. On the other hand, if dif-
ferential mandibular growth no longer occurs, the mesial
step relationship at an early age may simply become a Class
I relationship later.

For any given child, the odds are that the normal
growth pattern will prevail, and that there will be a one-half
cusp transition in the molar relationship at the time the sec
ond primary molars are lost. It must be understood that al-
though this is the most likely outcome, it is by no means the
only one. The possibility that a distal step will become
Class II malocclusion or that a flush terminal plane will be-

come end-to-end is very real. Class III malocclusion is
much less common than Class II, but a child who has a
mesial step relationship at an early age is also at some risk
of developing Class Ill malocclusion as time passes.

Assessment of Skeletal and Other
Developmental Ages
As noted previously, dental development correlates reason-
ably well with chronologic age but occurs relatively indepen-
dently. Of all the indicators of developmental age, dental age
correlates least well with the other developmental indices.
Physical growth status also varies from chronologic age in
many children but does correlate well with skeletal age,
which is determined by the relative level of maturation of the
skeletal system. In planning orthodontic treatment it can be
important to know how much skeletal growth remains, so an
evaluation of skeletal age is frequently needed.

An assessment of skeletal age must be based on the mat-
urational status of markers within the skeletal system. Al-
though a number of indicators could theoretically be used,
the ossification of the bones of the hand and the wrist is nor-
mally the standard for skeletal development (Figure 3-46).

FIGURE 3-46

	

A radiograph of the hand and wrist can be used
to assess skeletal age by comparing the degree of ossification of
the wrist, hand, and finger bones to plates in a standard atlas of
hand-wrist development.
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A radiograph of the hand and wrist provides a view of
some 30 small bones, all of which have a predictable se-
quence of ossification. Although a view of no single bone
is diagnostic, an assessment of the level of development of
the bones in the wrist, hand, and fingers can give an accu-
rate picture of a child's skeletal development status. To do
this, a hand-wrist radiograph of the patient is simply com-
pared with standard radiographic images in an atlas of the
development of the hand and wrist. 25 The description is
in exactly the same terms as a description of the status of
the dentition: skeletal age 10 at chronologic age 12, for in-
stance.

Developmental ages based on any of a large number
of criteria can be established, if there is some scale against
which a child's progress can be measured. For instance,
one could measure a child's position on a scale of behav-
ior, equating behavior of certain types as appropriate for
5-year-olds or 7-year-olds. In fact, behavioral age can be
important in the dental treatment of children, since it is
difficult to render satisfactory treatment if the child can-
not be induced to behave appropriately and cooperate.
The assessment of behavioral age is covered more com-
pletely in the section on social and behavioral develop-
ment in Chapter 2.

The correlation between developmental ages of all
types and chronologic age is quite good, as biologic cor-
relations go (Figure 3-47).22 For most developmental in-
dicators, the correlation coefficient between developmen-
tal status and chronologic age is about 0.8. The ability to
predict one characteristic from another varies as the
square of the correlation coefficient, so the probability
that one could predict the developmental stage from
knowing the chronologic age or vice versa is (0.8) 2 = 0.64.
The correlation of dental age with chronologic age is not
quite as good, about 0.7, which means that there is about
a 50% chance of predicting the stage of dental develop-
ment from the chronologic age.

It is interesting that the developmental ages correlate
better among themselves than the developmental ages
correlate with chronologic age. 26 Despite the caricature
in our society of the intellectually advanced but socially
and physically retarded child, the chances are that a child
who is advanced in one characteristic-skeletal age, for
instance-is advanced in others as well. The mature look-
ing and behaving 8-year-old is likely, in other words, also
to have precocious development of the dentition. What
will actually occur in any one individual is subject to the
almost infinite variety of human variation, and the mag-
nitude of the correlation coefficients must be kept in
mind. Unfortunately for those dentists who want to ex-
amine only the teeth, the variations in dental develop-
ment mean that it often is necessary to assess skeletal, be-
havioral, or other developmental ages in planning dental
treatment.

FIGURE 3-47

	

Changes in various developmental parameters
for one normal child. Note that this child was advanced for his
chronologic age in essentially all the parameters and that all are
reasonably well-correlated. For this individual, as for many chil-
dren, dental age correlated less well with the group of develop-
mental indicators than any of the others. (Redrawn from Lowery
GH: Growth and development of children, ed 6, Chicago, 1973,
Mosby.)
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ADOLESCENCE: THE EARLY PERMANENT
DENTITION YEARS

Adolescence is a sexual phenomenon. It can be defined as
the period of life when sexual maturity is attained. More
specifically, it is the transitional period between the juve-
nile stage and adulthood, during which the secondary sex-
ual characteristics appear, the adolescent growth spurt
takes place, fertility is attained, and profound physiologic
changes occur. All these developments are associated with
the maturation of the sex organs and the accompanying
surge in secretion of sex hormones.

This period is particularly important in dental and
orthodontic treatment, because the physical changes at
adolescence significantly affect the face and dentition.
Major events in dentofacial development that occur dur-
ing adolescence include the exchange from the mixed to
the permanent dentition, an acceleration in the overall
rate of facial growth, and differential growth of the jaws.

Initiation of Adolescence
The first events of puberty occur in the brain, and although
considerable research progress has been made in this area, I
the precise stimulus for their unfolding remains unknown.
For whatever reason, apparently influenced both by an in-
ternal clock and external stimuli, brain cells in the hypo-
thalamus begin to secrete substances called releasing fac-
tors. Both the cells and their method of action are
somewhat unusual. These neuroendocrine cells look like
typical neurons, but they secrete materials in the cell body,
which are carried by cytoplasmic transport down the axon
toward a richly vascular area at the base of the hypothala-
mus near the pituitary gland (Figure 4-1). The substances
secreted by the nerve cells pass into capillaries in this
vascular region and are carried the short distance to the
pituitary by blood flow. It is unusual in the body for the
venous return system to transport substances from one
closely adjacent region to another, but here the special
arrangement of the vessels seems made to order for this
purpose. Accordingly, this special network of vessels, anal-
ogous to the venous supply to the liver but on a much
s maller scale, is called the pituitary portal system.

In the anterior pituitary, the hypothalamic releasing
factors stimulate pituitary cells to produce several related
but different hormones called pituitary gonadotropins. Their
function is to stimulate endocrine cells in both the adrenal
glands and the developing sex organs to produce sex hor-
mones. In every individual a mixture of male and female sex
hormones is produced, and it is a biologic fact as well as an
everyday observation that there are feminine males and
masculine females. Presumably this represents the balance
of the competing male and female hormones. In the male,
different cell types in the testes produce both the male sex
hormone testosterone and female sex hormones. A differ-
ent pituitary gonadotropin stimulates each of these cell
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FIGURE 4-1

	

Diagrammatic representation of the cascade of endocrine signals controlling sexual
development. Releasing factors from the hypothalamus are carried via the pituitary portal circulation to
the anterior pituitary gland, where they initiate the release of pituitary gonadotropic hormones. These in
turn stimulate cells in the testes, ovaries and adrenals, which secrete the steroid sex hormones.

types. In the female, the pituitary gonadotropins stimulate
secretion of estrogen by the ovaries, and later progesterone
by the same organ. In the female, male sex hormones are
produced in the adrenal cortex, stimulated by still another
pituitary hormone, and possibly some female hormones are
produced in the male adrenal cortex.

Under the stimulation of the pituitary gonadotropins,
sex hormones from the testes, ovaries and adrenal cortex
are released into the bloodstream in quantities sufficient to
cause development of secondary sexual characteristics and
accelerated growth of the genitalia. The increasing level of
the sex hormones also causes other physiologic changes, in-
cluding the acceleration in general body growth and
shrinkage of lymphoid tissues seen in the classic growth
curves described in Chapter 2. Neural growth is unaffected
by the events of adolescence, since it is essentially complete
by age 6. The changes in the growth curves for the jaws,
general body, lymphoid and genital tissues, however, can be
considered the result of the hormonal changes that accom-
pany sexual maturation (Figure 4-2).

The system by which a few neurons in the hypothala-
mus ultimately control the level of circulating sex hor-
mones may seem curiously complex. The principle, how
ever, is one utilized in control systems throughout the body
and also in modern technology. Each of the steps in the
control process results in an amplification of the control
signal, in a way analogous to the amplification of a small
musical signal between the tape head and speakers of a
stereo system. The amount of pituitary gonadotropin pro-
duced is 100 to 1000 times greater than the amount of go-
nadotropin releasing factors produced in the hypothala-
mus, and the amount of sex hormones produced is 1000
times greater than the amount of the pituitary hormones

FIGURE 4-2 Growth curves for the maxilla and mandible
shown against the background of Scammon's curves. Note that
growth of the jaws is intermediate between the neural and general
body curves, with the mandible following the general body curve
more closely than the maxilla. The acceleration in general body
growth at puberty, which affects the jaws, parallels the dramatic
increase in development of the sexual organs. Lymphoid involu-
tion also occurs at this time.



96

	

SECTION II

	

The Development of Orthodontic Problems

themselves. The system, then, is a three-stage amplifier.
Rather than being a complex biologic curiosity, it is better
viewed as a rational engineering design. A similar amplifi-
cation of controlling signals from the brain is used, of
course, in all body systems.

Timing of Puberty
There is a great deal of individual variation, but puberty
and the adolescent growth spurt occur on the average
nearly 2 years earlier in girls than in boys (Figure 4-3 ). Z
Why this occurs is not known, but the phenomenon has an
important impact on the timing of orthodontic treatment,
which must be done earlier in girls than in boys to take ad-
vantage of the adolescent growth spurt. Because of the con-
siderable individual variation, however, early maturing
boys will reach puberty ahead of slow maturing girls, and it
must be remembered that chronologic age has very little to
do with where an individual stands developmentally. The
stage of development of secondary sexual characteristics
provides a physiologic calendar of adolescence that corre-
lates with the individual's physical growth status. Not all
the secondary sexual characteristics are readily visible, of
course, but most can be evaluated in a normal fully clothed
examination, such as would occur in a dental office.

Adolescence in girls can be divided into three stages,
based on the extent of sexual development. The first stage,
which occurs at about the beginning of the physical growth
spurt, is the appearance of breast buds and early stages of
the development of pubic hair. The peak velocity for phys-
ical growth occurs about 1 year after the initiation of stage
1, and coincides with stage 11 of development of sexual

FIGURE 4-3 Velocity curves for growth at adolescence,
showing the difference in timing for girls and boys. Also indicated
on the growth velocity curves are the corresponding stages in
sexual development (see text). (From Marshall WA, Tanner JM:
Puberty. In Falkner F, Tanner JM (editors): Human growth, vol 2,
ed 2, New York, 1986, Plenum Publishing.)

characteristics (see Figure 4-3). At this time, there is no-
ticeable breast development. Pubic hair is darker and more
widespread, and hair appears in the armpits (axillary hair).

The third stage in girls occurs 1 to 1  1/2 years after stage
11 and is marked by the onset of menstruation. By this time,
the growth spurt is all but complete. At this stage, there is
noticeable broadening of the hips with more adult fat dis-
tribution, and development of the breasts is complete.

The stages of sexual development in boys are more dif-
ficult to specifically define than in girls. Puberty begins
later and extends over a longer period-about 5 years
compared with 3 Y years for girls (see Figure 4-3). In boys,
four stages in development can be correlated with the curve
of general body growth at adolescence.

The initial sign of sexual maturation in boys usually is
the "fat spurt." The maturing boy gains weight and be-
comes almost chubby, with a somewhat feminine fat distri
bution. This probably occurs because estrogen production
by the Leydig cells in the testes is stimulated before the
more abundant Sertoli cells begin to produce significant
amounts of testosterone. During this stage, boys may ap-
pear obese and somewhat awkward physically. At this time
also, the scrotum begins to increase in size and may show
some increase or change in pigmentation.

At stage 11, about 1 year after stage 1, the spurt in
height is just beginning. At this stage, there is a redistribu-
tion and relative decrease in subcutaneous fat, pubic hair
begins to appear, and growth of the penis begins.

The third stage occurs 8 to 12 months after stage 11 and
coincides with the peak velocity in gain in height. At this
time, axillary hair appears and facial hair appears on the up
per lip only. A spurt in muscle growth also occurs, along with
a continued decrease in subcutaneous fat and an obviously
harder and more angular body form. Pubic hair distribution
appears more adult but has not yet spread to the medial of
the thighs. The penis and scrotum are near adult size.

Stage IV for boys, which occurs anywhere from 15 to
24 months after stage 111, is difficult to pinpoint. At this
time, the spurt of growth in height ends. There is facial hair
on the chin as well as the upper lip, adult distribution and
color of pubic and axillary hair, and a further increase in
muscular strength.

The timing of puberty makes an important difference
in ultimate body size, in a way that may seem paradoxical at
first: the earlier the onset of puberty, the smaller the adult
size, and vice versa. Growth in height depends on endo-
chondral bone growth at the epiphyseal plates of the long
bones, and the impact of the sex hormones on endochon-
dral bone growth is twofold. First, the sex hormones stim-
ulate the cartilage to grow faster, and this produces the ado-
lescent growth spurt. But the sex hormones also cause an
increase in the rate of skeletal maturation, which for the
long bones is the rate at which cartilage is transformed into
bone. The acceleration in maturation is even greater than
the acceleration in growth. Thus during the rapid growth
at adolescence, the cartilage is used up faster than it is
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replaced. Toward the end of adolescence, the last of the
cartilage is transformed into bone, and the epiphyseal
plates close. At that point, of course, growth potential is
lost and growth stops.

This early cessation of growth after early sexual matu-
ration is particularly prominent in girls. It is responsible for
much of the difference in adult size between men and
women. Girls mature earlier on the average, and finish
their growth much sooner. Boys are not bigger than girls
until they grow for a longer time at adolescence. The dif-
ference arises because there is slow but steady growth be-
fore the growth spurt, and so when the growth spurt oc-
curs, for those who mature late, it takes off from a higher
plateau. The epiphyseal plates close more slowly in males
than in females, and therefore the cutoff in growth that ac-
companies the attainment of sexual maturity is also more
complete in girls.

The timing of puberty seems to be affected by both
genetic and environmental influences. There are early- and
late-maturing families, and individuals in some racial and
ethnic groups mature earlier than others. As Figure 4-4
shows, Dutch boys are about 5 cm taller than their Ameri-
can counterparts at age 10, and it is likely that both hered-
ity and environment play a role in producing that consider-
able difference. In girls, it appears that the onset of
menstruation requires the development of a certain amount
of body fat. In girls of a slender body type, the onset of

menstruation can be delayed until this level is reached.
Athletic girls with low body fat often are slow to begin their
menstrual periods, and highly trained female athletes
whose body fat levels are quite low may stop menstruating,
apparently in response to the low body fat levels.

Seasonal and cultural factors also can affect the overall
rate of physical growth. For example, everything else being
equal, growth tends to be faster in spring and summer than
in fall and winter, and city children tend to mature faster
than rural ones, especially in less developed countries. Such
effects presumably are mediated via the hypothalamus
and indicate that the rate of secretion of gonadotropin-
releasing factors can be influenced by external stimuli.

The stages of adolescent development described here
were correlated with growth in height. Fortunately, growth
of the jaws usually correlates with the physiologic events of
puberty in about the same way as growth in height (Figure
4-5). There is an adolescent growth spurt in the length of
the mandible, though not nearly as dramatic a spurt as that
in body height, and a modest though discernible increase in
growth at the sutures of the maxilla. The cephalocaudal
gradient of growth, which is part of the normal pattern, is
dramatically evident at puberty. More growth occurs in the
lower extremity than in the upper, and within the face,
more growth takes place in the lower jaw than in the upper.
This produces an acceleration in mandibular growth rela-
tive to the maxilla and results in the differential jaw growth
referred to previously. The maturing face becomes less
convex as the mandible and chin become more prominent
as a result of the differential jaw growth.

Although jaw growth follows the curve for general
body growth, the correlation is not perfect. Longitudinal
data from studies of craniofacial growth indicate that a
significant number of individuals, especially among the
girls, have a "juvenile acceleration" in jaw growth that occurs

FIGURE 4-4

	

Growth can be affected by racial, ethnic, national
and other variables. As this graph shows, the average 10-year-old
boy in the Netherlands (black lines) is nearly 5 em (2 inches) taller
than his American counterpart (red lines). Cross-sectional data of
this type is most useful for one-time comparisons of an individual
with the group. Because of the smoothing effect of the averages,
these curves do not represent the velocity changes any individual
is likely to experience during growth spurts (see Figure 2-7).

FIGURE 4-5

	

On the average, the spurt in growth of the jaws
occurs at about the same time as the spurt in height, but it must
be remembered that there is considerable individual variation.
(From Woodside DG: In Salzmann JA: Orthodontics in daily prac-
tice, Philadelphia, 1974, JB Lippincott.)
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1 to 2 years before the adolescent growth spurt (Figure
4-6).3 This juvenile acceleration can equal or even exceed
the jaw growth that accompanies secondary sexual matura-
tion. In boys, if a juvenile spurt occurs, it is nearly always
less intense than the growth acceleration at puberty.

Recent research has shown that sexual development
really begins much earlier than previously thought.4 Sex hor-
mones produced by the adrenal glands first appear at age
6 in both sexes, primarily in the form of a weak androgen
(dihydroepiandrosterone, [DHEA]). This activation of the
adrenal component of the system is referred to as adrenar-

che. DHEA reaches a critical level at about age 10 that cor-
relates with the initiation of sexual attraction. It is likely
that a juvenile acceleration in growth is related to the in-
tensity of adrenarche and not surprising that a juvenile ac-
celeration is more prominent in girls because of the greater
adrenal component of their early sexual development.

This tendency for a clinically useful acceleration in jaw
growth to precede the adolescent spurt, particularly in
girls, is a major reason for careful assessment of physiologic
age in planning orthodontic treatment. If treatment is de-
layed too long, the opportunity to utilize the growth spurt
is missed. In early-maturing girls, the adolescent growth
spurt often precedes the final transition of the dentition, so
that by the time the second premolars and second molars
erupt, physical growth is all but complete. The presence of
a juvenile growth spurt in girls accentuates this tendency
for significant acceleration of jaw growth in the mixed den-
tition. If most girls are to receive orthodontic treatment
while they are growing rapidly, the treatment must begin
during the mixed dentition rather than after all succeda-
neous teeth have erupted.

In slow-maturing boys, on the other hand, the denti-
tion can be relatively complete while a considerable
amount of physical growth remains. In the timing of or
thodontic treatment, clinicians have a tendency to treat
girls too late and boys too soon, forgetting the considerable
disparity in the rate of physiologic maturation.

GROWTH PATTERNS IN THE
DENTOFACIAL COMPLEX

Dimensional Changes
Growth of the Nasomaxillary Complex.

	

Growth
of the nasomaxillary area is produced by two basic mecha-
nisms: (1) passive displacement, created by growth in the
cranial base that pushes the maxilla forward, and (2) active
growth of the maxillary structures and nose (Figure 4-7).s

Passive displacement of the maxilla is an important
growth mechanism during the primary dentition years but
becomes less important as growth at the synchondroses
of the cranial base slows markedly with the completion of
neural growth at about age 7. Total forward movement of
the maxilla and the amount resulting from forward dis-
placement are shown in Table 4-1. Note that during the
entire period between ages 7 and 15, about one third of the
total forward movement of the maxilla can be accounted for
on the basis of passive displacement. The rest is the result
of active growth of the maxillary sutures in response to
stimuli from the enveloping soft tissues (see Chapter 2).

The effect of surface remodeling must be considered
when active growth of the maxilla is considered. Surface

FIGURE 4-6

	

Longitudinal data for increase in length of the
mandible in one girl, taken from the Burlington growth study in
Canada, demonstrates an acceleration of growth at about 8 years
of age (juvenile acceleration) equal in intensity to the pubertal
acceleration between ages 11 and 14. Changes of this type in
the pattern of growth for individuals tend to be smoothed out
when cross-sectional or group average data are studied. (From
Woodside DG: In Salzmann JA: Orthodontics in daily practice,
Philadelphia, 1974, J.B. Lippincott.)

FIGURE 4-7

	

Diagrammatic representation of a major mech-
anism for growth of the maxilla: structures of the nasomaxillary
complex are displaced forward as the cranial base lengthens and
the anterior lobes of the brain grow in size. (Redrawn from
Enlow DH, Hans MG: Essentials of facial growth, Philadelphia,
1996, WB. Saunders.)



CHAPTER 4

	

Later Stages of Development

	

99

changes can either add to or subtract from growth in other
areas by surface apposition or resorption respectively. In
fact, the maxilla grows downward and forward as bone is
added in the tuberosity area posteriorly and at the posterior
and superior sutures, but the anterior surfaces of the bone
are resorbing at the same time (Figure 4-8). For this reason,
the distance that the body of the maxilla and the maxillary
teeth are carried downward and forward during growth is
greater by about 25% than the forward movement of the
anterior surface of the maxilla. This tendency for surface

TABLE 4-1

	

Maxillary Length Changes

remodeling to conceal the extent of relocation of the jaws
is even more prominent when rotation of the maxilla dur-
ing growth is considered (see the following sections).

The nasal structures undergo the same passive dis-
placement as the rest of the maxilla. However, the nose
grows more rapidly than the rest of the face, particularly
during the adolescent growth spurt. Nasal growth is pro-
duced in part by an increase in size of the cartilaginous
nasal septum. In addition, proliferation of the lateral carti-
lages alters the shape of the nose and contributes to an in-
crease in overall size. The growth of the nose is extremely
variable, as a cursory examination of any group of people
will confirm. Average increases in nasal dimensions of
white Americans are illustrated in Table 4-2. Comparison
with Table 4-1 shows that nasal dimensions increase at a
rate about 25% greater than growth of the maxilla.

Mandibular Growth.

	

Growth of the mandible con-
tinues at a relatively steady rate before puberty. On the av-
erage, as Table 4-3 shows, ramus height increases 1 to 2
mm per year and body length increases 2 to 3 mm per year.
These cross-sectional data tend to smooth out the juvenile
and pubertal growth spurts, which do occur in growth of
the mandible (see previous discussion).

FIGURE 4-8

	

As the maxilla is translated downward and for-
ward, bone is added at the sutures and in the tuberosity area poste-
riorly, but at the same time, surface remodeling removes bone from
the anterior surfaces (except for a small area at the anterior nasal
spine). For this reason, the amount of forward movement of ante-
rior surfaces is less than the amount of displacement. In the roof of
the mouth, however, surface remodeling adds bone, while bone is
resorbed from the floor of the nose. The total downward move-
ment of the palatal vault, therefore, is greater than the amount of
displacement. (Redrawn from Enlow DH, Hans MG: Essentials of
facial growth, Philadelphia, 1996, WB Saunders.)

TABLE 4-2

	

Length and Height of the Nose

TABLE 4-3

	

Mandibular Length Chanzes
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One feature of mandibular growth is an accentuation
of the prominence of the chin. At one time, it was thought
that this occurred primarily by addition of bone to the chin,
but that is incorrect. Although small amounts of bone are
added, the change in the contour of the chin itself occurs
largely because the area just above the chin, between it and
the base of the alveolar process, is a resorptive area. The in-
crease in chin prominence with maturity results from a
combination of forward translation of the chin as a part of
the overall growth pattern of the mandible and resorption
above the chin that alters the bony contours.

An important source of variability in how much the
chin grows forward is the extent of growth changes at
the glenoid fossa. If the area of the temporal bone to which
the mandible is attached moved forward relative to the
cranial base during growth, this would translate the
mandible forward in the same way that cranial base growth
translates the maxilla. However, this rarely happens. More
often, the attachment point moves straight down or poste-
riorly, thus subtracting from rather than augmenting the
forward projection of the china In both the patients shown
in Figure 4-9, for instance, there was an approximate 7 mm
increase in length of the mandible during orthodontic
treatment around the time of puberty. In one of the pa-
tients, the temporomandibular (TM) joint did not relocate
during growth and the chin projected forward 7 mm. In the
other patient, the TM joint moved posteriorly, resulting in

only a small forward projection of the chin despite the in-
crease in mandibular length.

Timing of Growth in Width, Length, and Height.
For the three planes of space in both the maxilla and
mandible, there is a definite sequence in which growth is
"completed," (i.e., declines to the slow rate that character-
izes normal adults). Growth in width is completed first,
then growth in length, and finally growth in height.
Growth in width of both jaws, including the width of the
dental arches, tends to be completed before the adolescent
growth spurt and is affected minimally if at all by adoles-
cent growth changes (Figure 4-10). Intercanine width is
more likely to decrease than increase after age 12.7 There
is a partial exception to this rule, however. As the jaws grow
in length posteriorly, they also grow wider. For the maxilla,
this affects primarily the width across the second molars,
and if they are able to erupt, the third molars in the region
of the tuberosity as well. For the mandible, both molar and
bicondylar widths show small increases until the end of
growth in length. Anterior width dimensions of the
mandible stabilize earlier.

Growth in length and height of both jaws continues
through the period of puberty. In girls, the maxilla grows
slowly downward and forward to age 14 to 15 on the aver
age (more accurately, by 2 to 3 years after first menstrua-
tion), then tends to grow slightly more almost straight for-
ward (Figure 4-11). 8 In both sexes, growth in vertical

FIGURE 4-9

	

Cephalometric tracings showing growth in two patients during the orthodontic cor-
rection of moderate Class 11 malocclusion (superimposed on sphenoethmoid triad in cranial base).
A, Changes from age 11 years 10 months to age 14 years 11 months. In this patient, approximately 7 mm
of mandibular growth was expressed entirely as forward movement of the chin, while the area of the tem-
poromandibular (TM) joint remained in the same anteroposterior position relative to the cranial base.
B, Changes from age 11 years 8 months to age 15 years 0 months. This patient also had approximately 7 mm
of mandibular growth, but the TM joint area moved downward and backward relative to the cranial base,
so that much of the growth was not expressed as forward movement of the chin. (Courtesy Dr. V Kokich.)
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height of the face continues longer than growth in length,
with the late vertical growth primarily in the mandible.
Increases in facial height and concomitant eruption of
teeth continue throughout life, but the decline to the
adult level (which for vertical growth is surprisingly large

FIGURE 4-10

	

Average changes in mandibular canine and mo-
lar widths in both sexes during growth. Molar widths are shown in
red, canine widths in black. (From Moyers RE et al: Standards of
human occlusal development, Ann Arbor, Mich., 1976, University of
Michigan Center for Human Growth and Development.)

[see the following section]) often does not occur until the
early twenties in boys, somewhat earlier in girls.

Rotation of Jaws during Growth
Implant Studies of Jaw Rotation.

	

Until longitudi-
nal studies of growth using metallic implants in the jaws
were carried out in the 1960s, primarily by Bjork and
coworkers in Copenhagen, 9 the extent to which both the
maxilla and mandible rotate during growth was not ap-
preciated. The reason is that the rotation that occurs in
the core of each jaw, called internal rotation, tends to be
masked by surface changes and alterations in the rate of
tooth eruption. The surface changes produce external ro-
tation. Obviously, the overall change in the orientation of
each jaw, as judged by the palatal plane and mandibular
plane, results from a combination of internal and external
rotation.

The terminology for describing these rotational changes
is itself confusing. The descriptive terms used here, in an
effort to simplify and clarify a complex and difficult subject,
are not those Bjork used in the original papers on this
subject, or exactly the same as suggested in some previous
papers.9,10 See Table 4-4 for a comparison of terms.

It is easier to visualize the internal and external rota-
tion of the jaws by considering the mandible first. The core

FIGURE 4-11

	

Mean growth tracks of anterior and posterior maxillary implants relative to the cranial
base and its perpendicular, in a group of Danish girls. The two tracks are shown with their origins super-
imposed to facilitate comparison. Note that the posterior implant moves down and forward more than the
anterior one, with growth continuing into the late teens at a slow rate. (Courtesy Dr. B. Solow.)
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TABLE 4-4

	

Terminolgy, Rotational Changes of the jaws

FIGURE 4-12

	

The mandible can be visualized as consisting of a core of bone surrounding the infe-
rior alveolar neurovascular bundle and a series of functional processes: the alveolar process, serving the
function of mastication; the muscular processes, serving for muscle attachments; and the condylar process,
serving to articulate the bone with the rest of the skull.

of the mandible is the bone that surrounds the inferior alve-
olar nerve. The rest of the mandible consists of its several
functional processes (Figure 4-12). These are the alveolar
process (bone supporting the teeth and providing for mas-
tication), the muscular processes (the bone to which the
muscles of mastication attach), and the condylar process,
the function in this case being the articulation of the jaw
with the skull. If implants are placed in areas of stable bone
away from the functional processes, it can be observed that
in most individuals, the core of the mandible rotates during
growth in a way that would tend to decrease the mandibu-
lar plane angle (i.e., up anteriorly and down posteriorly).

Bjork and Skieller1 1 distinguished two contributions to
internal rotation (which they called total rotation) of the

mandible: (1) matrix rotation, or rotation around the
condyae; and (2) intramatrix rotation, or rotation centered
within the body of the mandible (Figure 4-13). By conven-
tion, the rotation of either jaw is considered "forward" and
given a negative sign if there is more growth posteriorly
than anteriorly. The rotation is "backward" and given a
positive direction if it lengthens anterior dimensions more
than posterior ones, bringing the chin downward and
backward.

One of the features of internal rotation of the mandible
is the variation between individuals, ranging up to 10 to 15
degrees. The pattern of vertical facial development, dis
cussed in more detail later, is strongly related to the rota-
tion of both jaws. For an average individual with normal
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FIGURE 4-13

	

Internal rotation of the mandible (i.e., rotation
of the core relative to the cranial base) has two components:
A, rotation around the condyle, or matrix rotation; and B, rotations
centered within the body of the mandible, or intramatrix rotation.
(Redrawn from Bjork A, Skieller V Ear f Orthod 5:1-46, 1983.)

vertical facial proportions, however, there is about a -15 de-
gree internal rotation from age 4 to adult life. Of this, about
25% results from matrix rotation and 75% results from in-
tramatrix rotation.

During the time that the core of the mandible rotates
forward an average of 15 degrees, the mandibular plane an-
gle, representing the orientation of the jaw to an outside
observer, decreases only 2 to 4 degrees on the average. The
reason that the internal rotation is not expressed in jaw ori-
entation, of course, is that surface changes (external rota-
tion) tend to compensate. This means that the posterior
part of the lower border of the mandible must be an area of
resorption, while the anterior aspect of the lower border is
unchanged or undergoes slight apposition. Studies of sur-
face changes reveal exactly this as the usual pattern of ap-
position and resorption (Figure 4-14). On the average,
then, there is about 15 degrees of internal, forward rotation
and 11 to 12 degrees of external, backward rotation pro-
ducing the 3 to 4 degree decrease in mandibular plane an-
gle observed in the average individual during childhood
and adolescence.

It is less easy to divide the maxilla into a core of bone
and a series of functional processes. The alveolar process
is certainly a functional process in the classic sense, but
there are no areas of muscle attachment analogous to those
of the mandible. The parts of the bone surrounding the air
passages serve the function of respiration, and the form-
function relationships involved are poorly understood. If
implants are placed above the maxillary alveolar process,
however, one can observe a core of the maxilla that under-
goes a small and variable degree of rotation, forward or
backward (Figure 4-15).9' 12 This internal rotation is anal-

FIGURE 4-14

	

Superimposition on implants for an individual
with a normal pattern of growth, showing surface changes in the
mandible from ages 4 to 20 years. For this patient there was
-19 degrees internal rotation but only -3 degrees change in the
mandibular plane angle. Note how the dramatic remodeling
(external rotation) compensates for and conceals the extent of
the internal rotation. (From BjorkA, Skieller V Eurf Orthod 5:1-
46, 1983.)

FIGURE 4-15

	

Superimposition on implants in the maxilla
reveals that this patient experienced a small amount of backward
internal rotation of the maxilla (i.e., down anteriorly). A small
amount of forward rotation is the more usual pattern, but back-
ward rotation occurs frequently. (From Bjork A, Skieller V Am
Orthod 62:357, 1972.)

ogous to the intramatrix rotation of the mandible. Matrix
rotation, as defined for the mandible, is not possible for
the maxilla.

At the same time that internal rotation of the maxilla is
occurring, there also are varying degrees of resorption of
bone on the nasal side and apposition of bone on the palatal
side in the anterior and posterior parts of the palate. Simi-
lar variations in the amount of eruption of the incisors and
molars occur. These changes amount, of course, to an ex-
ternal rotation. For most patients, the external rotation is
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opposite in direction and equal in magnitude to the inter-
nal rotation, so that the two rotations cancel and the net
change in jaw orientation (as evaluated by the palatal plane)
is zero (see Figure 3-29). Until the implant studies were
done, rotation of the maxilla during normal growth had not
been suspected.

Although both internal and external rotation occur in
everybody, variations from the average pattern are com-
mon. Greater or lesser degrees of both internal and exter
nal rotation often occur, altering the extent to which exter-
nal changes compensate for the internal rotation. The
result is moderate variation in jaw orientation, even in in-
dividuals with normal facial proportions. In addition, the
rotational patterns of growth are quite different for indi-
viduals who have what are called the short face and long
face types of vertical facial development.1 3

Individuals of the short face type, who are character-
ized by short anterior lower face height, have excessive for-
ward rotation of the mandible during growth, resulting
from both an increase in the normal internal rotation and a
decrease in external compensation. The result is a nearly
horizontal palatal plane and mandibular morphology of the
"square jaw" type, with a low mandibular plane angle and a
square gonial angle (Figure 4-16). A deep bite malocclusion
and crowded incisors usually accompany this type of rota-
tion (see following sections).

In long face individuals, who have excessive lower an-
terior face height, the palatal plane rotates down posteri-
orly, often creating a negative rather than the normal pos
itive inclination to the true horizontal. The mandible
shows an opposite, backward rotation, with an increase in
the mandibular plane angle (Figure 4-17). The mandibu-
lar changes result primarily from a lack of the normal for-

FIGURE 4-16

	

Cranial base superimposition shows the char-
acteristic pattern of forward mandibular rotation in an individual
developing in the "short face" pattern. The forward rotation flat-
tens the mandibular plane and tends to increase overbite. (From
Bjork A, Skieller V Amy Orthod 62:344,1972.)

ward internal rotation or even a backward internal rota-
tion. The internal rotation, in turn, is primarily matrix ro-
tation (centered at the condyle), not intramatrix rotation.
This type of rotation is associated with anterior open bite
malocclusion and mandibular deficiency (because the chin
rotates back as well as down). As one would expect,
changes in face height correlate better with changes in the
mandibular plane angle (which reflects total rotation) than
with changes in the corpus axis (which reflects internal ro-
tation). This is another reflection of the fact that the total
change is determined by the interaction between internal
and external changes. Backward rotation of the mandible
also occurs in patients with abnormalities or pathologic
changes affecting the temporomandibular joints. In these
individuals, growth at the condyle is restricted. The inter-
esting result in three cases documented by Bjork and
Skieller l4 was an intramatrix rotation centered in the body
of the mandible, rather than the backward rotation at the
condyle that dominated in individuals of the classic long
face type. jaw orientation changes in both the backward-
rotating types, however, are similar, and the same types of
malocclusions develop.

I nteraction between Jaw Rotation and Tooth Erup-
tion. As we have discussed, growth of the mandible away
from the maxilla creates a space into which the teeth erupt.

FIGURE 4-17

	

The pattern of jaw rotation in an individual
with the "long face" pattern of growth (cranial base superimposi-
tion). As the mandible rotates backward, anterior face height
increases, there is a tendency toward anterior open bite, and the
incisors are thrust forward relative to the mandible. (From Bjork
A, Skieller V Eur f Orthod 5:29, 1983.)
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The rotational pattern of jaw growth obviously influences
the magnitude of tooth eruption. To a surprising extent, it
can also influence the direction of eruption and the ulti-
mate anteroposterior position of the incisor teeth.

The path of eruption of the maxillary teeth is down-
ward and somewhat forward (see Figure 4-11). In normal
growth, the maxilla usually rotates a few degrees forward
but frequently rotates slightly backward. Forward rotation
would tend to tip the incisors forward, increasing their
prominence, while backward rotation directs the anterior
teeth more posteriorly than would have been the case with-
out the rotation, relatively uprighting them and decreasing
their prominence. Movement of the teeth relative to the
cranial base obviously could be produced by a combination
of translocation as the tooth moved along with the jaw in
which it was embedded, and true eruption, movement of the
tooth within its jaw. As Figure 4-18 shows, translocation
contributes about half the total maxillary tooth movement
during adolescent growth.

The eruption path of mandibular teeth is upward and
somewhat forward. The normal internal rotation of the
mandible carries the jaw upward in front. This rotation al
ters the eruption path of the incisors, tending to direct them
more posteriorly than would otherwise have been the case
(Figure 4-19). Because the internal jaw rotation tends to up-
right the incisors, the molars migrate further mesially dur-
ing growth than do the incisors, and this migration is re-
flected in the decrease in arch length that normally occurs
(Figure 4-20). Since the forward internal rotation of the
mandible is greater than that of the maxilla, it is not surpris-
ing that the normal decrease in mandibular arch length is
somewhat greater than the decrease in maxillary arch length.

FIGURE 4-18

	

The average velocity of continued eruption
(movement of the incisors relative to implants in the maxilla)
and translocation (movement away from the cranial base) of
maxillary incisors in Danish girls, from a mixed longitudinal
sample. (Redrawn from Solow and Haluk. In Davidovitch S,
Norton L (editors): Biological mechanisms of tooth movement and
craniofacial adaptation, Boston, 1996, Harvard Society for Ad-
vancement of Orthodontics.)

FIGURE 4-19 Superimposition on mandibular implants
shows the lingual positioning of the mandibular incisors relative
to the mandible that often accompanies forward rotation during
growth. (From Bjork A, Skieller V Am f Orthod 62:357, 1972.)

FIGURE 4-20

	

Superimposition of the mandible at ages 10
years 3 months (black) and 21 years 3 months (red) for this patient
with a relatively small amount of internal rotation (minus 7.5 de-
grees) shows that the anterior and posterior teeth moved forward
on the mandible, but the molars came forward more. (From Bjork
A, Skieller V Eury Orthod 5:15, 1983.)
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Note that this explanation for the decrease in arch
length that normally occurs in both jaws is different from
the traditional interpretation that emphasizes forward mi
gration of the molar teeth. The modern view places rela-
tively greater importance on lingual movement of the in-
cisors and relatively less importance on the forward
movement of molars. In fact, the same implant studies that
revealed the internal jaw rotation also confirmed that
changes in anteroposterior position of the incisor teeth are
a major influence on arch length changes.

Given this relationship between jaw rotation and in-
cisor position, it is not surprising that both the vertical and
anteroposterior positions of the incisors are affected in
short face and long face individuals.15 5 When excessive ro-
tation occurs in the short face type of development, the in-
cisors tend to be carried into an overlapping position even
if they erupt very little; hence the tendency for deep bite
malocclusion in short face individuals (Figure 4-21). The
rotation also progressively uprights the incisors, displacing
them lingually and causing a tendency toward crowding
(Figure 4-22). In the long face growth pattern, on the other
hand, an anterior open bite will develop as anterior face
height increases unless the incisors erupt for an extreme
distance. The rotation of the jaws also carries the incisors
forward, creating dental protrusion.

The interaction between tooth eruption and jaw rota-
tion explains a number of previously puzzling aspects of
tooth positioning in patients who have vertical facial dis
proportions. This topic is discussed from an etiologic per-
spective in Chapter 5 and is reviewed from the point of
view of treatment planning in Chapter 8.

FIGURE 4-21

	

Cranial base superimpositon for a patient with
the short face pattern of growth. As the mandible rotates upward
and forward, the vertical overlap of the teeth tends to increase,
creating a deep bite malocclusion. In addition, even though both
the upper and lower teeth do move forward relative to cranial
base, lingual displacement of incisors relative to the maxilla and
mandible increases the tendency toward crowding. (From Bjork
A, Skieller V Am f Orthod 62:355, 1972.)

MATURATIONAL AND AGING CHANGES
IN THE DENTAL APPARATUS

Maturational changes in the dentition affect the teeth and
their supporting structures and the dental occlusion itself.

Changes in Teeth and Supporting Structures
At the time a permanent tooth erupts, the pulp chamber is
relatively large. As time passes, additional dentin slowly
deposits on the inside of the tooth, so that the pulp cham-
ber gradually becomes smaller with increasing age (Figure
4-23). This process continues relatively rapidly until the
late teens, at which time the pulp chamber of a typical per-
manent tooth is about half the size that it was at the time of
initial eruption. Because of the relatively large pulp cham-
bers of young permanent teeth, complex restorative proce-
dures are more likely to result in mechanical exposures in
adolescents than in adults. Additional dentin continues to
be produced at a slower rate throughout life, so that in old
age, the pulp chambers of some permanent teeth are all but
obliterated.

Maturation also brings about greater exposure of the
tooth outside its investing soft tissues. At the time a per-
manent first molar erupts, the gingival attachment is high
on the crown. Typically, the gingival attachment is still well
above the cementoenamel junction when any permanent
tooth comes into full occlusion, and during the next few
years more and more of the crown is exposed. This relative
apical movement of the attachment (in normal circum-
stances) results more from vertical growth of the jaws and
accompanying eruption of the teeth than from downward
migration of the gingival attachment. As we have noted
previously in this chapter, vertical growth of the jaws and
an increase in face height continue after transverse and an-
teroposterior growth have been completed. By the time the
jaws all but stop growing vertically in the late teens, the
gingival attachment is usually near the cementoenamel
junction. In the absence of inflammation, mechanical abra-
sion, or pathologic changes, the gingival attachment should
remain at about the same level almost indefinitely. In fact,

FIGURE 4-22

	

Superimposition on the maxilla reveals up-
righting of the maxillary incisors in the short face growth pattern
(same patient as Figure 4-21). This decreases arch length and con-
tributes to progressive crowding. (From Bjork A, Skieller V Am f
0rthod 62:355, 1972.)
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however, most individuals experience some pathology of
the gingiva or periodontium as they age, and so further re-
cession of the gingiva is common.

At one time, it was thought that "passive eruption" oc-
curred, defined as an actual gingival migration of the at-
tachment without any eruption of the tooth. It now appears

that as long as the gingival tissues are entirely healthy, this
sort of downward migration of the soft tissue attachment
does not occur. What was once thought to be passive erup-
tion during the teens is really active eruption, compensat-
ing for the vertical jaw growth still occurring at that time
(Figure 4-24).

FIGURE 4-23

	

The size of the pulp chambers of permanent teeth decreases during adolescence then
continues to fill in more slowly for the rest of adult life. A, Age 16; B, Age 26.

FIGURE 4-24

	

The increasing exposure of permanent teeth during adolescence was once thought to result
from a downward migration of the attachment but now is recognized to occur mostly in response to vertical
growth. A, Age 10; B, Age 16.
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Both occlusal and interproximal wear, often to a severe
degree, occurred in primitive people eating an extremely
coarse diet. The elimination of most coarse particles from
modern diets has also largely eliminated wear of this type.
With few exceptions (tobacco chewing is one), wear facets
on the teeth now indicate bruxism, not what the individual
has been eating.

Changes in Alignment and Occlusion
Individuals in primitive societies who experienced wear of
the teeth lost tooth substance interproximally as well as
from the occlusal surfaces. The alveolar bone bends during
heavy mastication, allowing the teeth to move relative to
each other (see Chapter 9 for more details). On a coarse
diet, this movement causes both interproximal and occlusal
wear. The result in many primitive populations was a re-
duction in arch circumference of 10 mm or more after
completion of the permanent dentition at adolescence.

When this type of interproximal wear occurs, spaces
do not open up between the posterior teeth, although some

spacing may develop anteriorly. Instead, the permanent
molars migrate mesially, keeping the contacts reasonably
tight even as the contact points are worn off and the
mesiodistal width of each tooth decreases.

In modern populations, there is a strong tendency for
crowding of the mandibular incisor teeth to develop in the
late teens and early twenties, no matter how well aligned the
teeth were initially. Mild crowding of the lower incisors
tends to develop if the teeth were initially well aligned, or
initially mild crowding becomes worse (Figure 4-2 5). These
changes appear as early as age 17 to 18 in some individuals
and as late as the mid-twenties in others. Three major the-
ories to account for this crowding have been proposed:

1. Lack of "Normal Attrition" in the Modern Diet.
As noted in Chapter 1, primitive populations tend to have a
much smaller prevalence of malocclusion than do contem
porary populations in developed countries. If a shortening
of arch length and a mesial migration of the permanent mo-
lars is a natural phenomenon, it would seem reasonable that
crowding would develop unless the amount of tooth struc-

FIGURE 4-25

	

A, B, Age 28; C, D, Age 38, in a woman who experienced mandibular growth (because
of condylar hyperplasia) during that time. Note the typical pattern of change that accompanies late
mandibular growth: spacing of upper incisors and crowding of lower incisors but more crowding in the
lower. Late mandibular growth after maxillary growth stops, which often occurs in the late teens, is a ma-
jor cause of mandibular incisor crowding at that time.
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ture was reduced during the final stages of growth. Ray-

mond Begg,16 a pioneer Australian orthodontist, noted in

his studies of the Australian aborigines that malocclusion is

uncommon but that large amounts of interproximal and oc-

clusal attrition occurred (Figure 4-26). He concluded that

the teeth became crowded when attrition did not occur with

soft diets, and advocated widespread extraction of premolar

teeth to provide the equivalent of the attrition he saw in

aborigines. Unfortunately for this theory, when Australian

aborigines change to a modern diet, as happened in most of

this group by the late 20th century, occlusal and interproxi-

mal wear all but disappears. Late crowding rarely devel-

ops,t7 although periodontal disease does become a major

problem. It has been observed in other population groups

that late crowding may develop even after premolars are ex-

tracted and arch length is reduced by modern orthodontic

treatment. Thus this theory, though superficially attractive,

does not explain late crowding.

2. Pressure From Third Molars.

	

Late crowding de-
velops at about the time the third molars should erupt. In

most individuals, these teeth are hopelessly impacted be-

cause the jaw length did not increase enough to accommo-

date them via backward remodeling of the ramus (Figure

4-27). Erupting teeth produce pressure, and it has seemed

entirely logical to many dentists that pressure from third

molars with no room to erupt is the cause of late incisor

crowding. It is difficult to detect such a force, however,

even with modern instrumentation that should have found

it if it exists.18 In fact, late crowding of lower incisors can

and often does develop in individuals whose lower third

molars are congenitally missing. There is some evidence

that crowding may be lessened by early removal of second

molars, which presumably would relieve pressure from

third molars,' 9 but pressure from third molars clearly is not

the total explanation either.
20

3. Late Mandibular Growth. As a result of the

cephalocaudal gradient of growth discussed in Chapter 2,

the mandible can and does undergo more growth in the late

teens than the maxilla. Is it possible that late mandibular
growth somehow causes late mandibular incisor crowding?

If so, how? Bjork's implant studies have provided an under-

standing of why late crowding occurs and how it indeed re-

lates to the growth pattern of the jaw.

The position of the dentition relative to the maxilla and

mandible is influenced by the pattern of growth of the jaws,

a concept explored in some detail in previous sections. When

the mandible grows forward relative to the maxilla, as it usu-

ally does in the late teens as well as earlier, the mandibular

incisor teeth tend to be displaced lingually (see Figure 4-19),

particularly if any excessive rotation is also present.

In patients with a tight anterior occlusion before late

differential mandibular growth occurs, the contact relation-

ship of the lower incisors with the upper incisors must

change if the mandible grows forward. In that circumstance,

FIGURE 4-26

	

Mandibles of an adolescent Australian abo-
rigine (top) and an adult (bottom), taken from prehistoric skeletal
remains. Note the attrition of the teeth of the adult, resulting in
interproximal as well as occlusal wear. Arch length in this popu-
lation shortened by 1 cm or more after adolescence because of
the extensive interproximal wear. (From Begg PR: Am f Orthod
40:298-312, 1954.)

FIGURE 4-27

	

It seems reasonable that a horizontally im-
pacted third molar would provide pressure against the dental
arch, but it is highly unlikely that there is enough pressure from
this source to cause the crowding of mandibular incisors that
often develops in the late teens.
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one of three events must occur: (1) the mandible is displaced
distally, accompanied by a distortion of temporomandibular
joint function and displacement of the articular disc; (2) the
upper incisors flare forward, opening space between these
teeth; or (3) the lower incisors displace distally and become
crowded.

All three of these phenomena have been reported. The
second response, flaring and spacing of the maxillary in-
cisors, is the least common. Posterior displacement of a
"trapped mandible" can happen and may occasionally be
related to myofascial pain and dysfunction, but despite the
claims of some occlusion theorists, this too seems to be
quite rare. Distal displacement of the lower incisors, with
concomitant crowding and a decrease in the lower interca-
nine distance, is the most likely response.

It is not even necessary for the incisors to be in occlusal
contact for late crowding to develop. This also occurs com-
monly in individuals who have an anterior open bite and
backward, not forward, rotation of the mandible (see Fig-
ure 4-20). In this situation, the rotation of the mandible
carries the dentition forward, thrusting the incisors against
the lip. This creates light but lasting pressure by the lip,
which tends to reposition the protruding incisors some-
what lingually, reducing arch length and causing crowding.

The current concept is that late incisor crowding al-
most always develops as the mandibular incisors, and per-
haps the entire mandibular dentition, move distally relative
to the body of the mandible late in mandibular growth.
This also sheds some light on the possible role of the third
molars in determining whether crowding will occur, and
how severe it will be. If space were available at the distal end
of the mandibular arch, it might be possible for all the
mandibular teeth to shift slightly distally, allowing the
lower incisors to upright without becoming crowded. On
the other hand, impacted third molars at the distal end of
the lower arch would prevent the posterior teeth from
shifting distally, and if differential mandibular growth oc-
curred, their presence might guarantee that crowding
would develop. In this case, the lower third molars could be
the "last straw" in a chain of events that led to late incisor
crowding. As noted previously, however, late incisor
crowding does occur in individuals with no third molars at
all, and so the presence of these teeth is not the critical vari-
able. The extent of late mandibular growth is. The more
your mandible grows after other growth has essentially
stopped, the greater the chance your lower incisors will
become crowded.

Facial Growth in Adults
Until recently, although some anthropologists in the
1930s had reported small amounts of growth continuing
into middle age, it was generally assumed that growth of
the facial skeleton ceased in the late teens or early twen-
ties. In the early 1980s, Behrents21 succeeded in recalling
over 100 individuals who had participated in the Bolton
growth study in Cleveland in the 1930s and late 1940s,

more than 40 years previously. Most had never had ortho-
dontic treatment; a few did. While they were participants
in the study, the growth of these individuals had been care-
fully evaluated and recorded, by both measurements and
serial cephalometric films. The magnification in the radi-
ographs was known precisely, and it was possible to obtain
new radiographs more than 4 decades later with known
magnification, so that precise measurements of facial di-
mensions could be made.

The results were surprising but unequivocal: facial
growth had continued during adult life (Figure 4-28).
There was an increase in essentially all of the facial dimen
sions, but both size and shape of the craniofacial complex
altered with time. Vertical changes in adult life were more
prominent than anteroposterior changes, whereas width
changes were least evident, and so the alterations observed
in the adult facial skeleton seem to be a continuation of the
pattern seen during maturation. In a point of particular in-
terest, an apparent deceleration of growth in females in the
late teens was followed by a resumption of growth during
the twenties. It appears that a woman's first pregnancy of-
ten produces some growth of her jaws. Although the mag-
nitude of the adult growth changes, assessed on a millime-
ters per year basis, was quite small, the cumulative effect
over decades was surprisingly large (Figure 4-29).

The data also revealed that rotation of both jaws con-
tinued into adult life, in concert with the vertical changes
and eruption of teeth. Because implants were not used in
these patients, it was not possible to precisely differentiate
internal from external rotation, but it seems likely that both
internal rotation and surface changes did continue. In gen-
eral, males showed a net rotation of the jaws in a forward
direction, slightly decreasing the mandibular plane angle,
whereas females had a tendency toward backward rotation,
with an increase in the mandibular plane angle. In both
groups, compensatory changes were noted in the dentition,
so that occlusal relationships largely were maintained.

Both a history of orthodontic treatment and loss of
multiple teeth had an impact on facial morphology in these
adults and on the pattern of change. In the smaller group of
patients who had orthodontic treatment many years previ-
ously, Behrents noted that the pattern of growth associated
with the original malocclusion continued to express itself
even in adult life. This finding is consistent with previous
observations of growth in the late teens but also indicates
how a gradual worsening of occlusal relationships could oc-
cur in some patients long after the completion of ortho-
dontic treatment.

As expected, changes in the facial soft tissue profile
were greater than changes in the facial skeleton. The soft
tissue changes involved an elongation of the nose (which
often became significantly longer during adult life), flat-
tening of the lips, and an augmentation of the chin. In the
light of Behrents' findings, it seems clear that the view of
facial growth as a process that ends in the late teens or early
twenties must be revised. It is correct, however, to view the
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FIGURE 4-28

	

Growth changes in adults. A, Changes in a male from age 37 (black) to age 77 (red).
Note that both the maxilla and mandible grew forward, and the nose grew considerably. B, Growth
changes in a woman between age 34 (black) and 83 (red). Note that both jaws grew forward and somewhat
downward, and that the nasal structures enlarged. (From Behrents RG: A treatise on the continuum ofgrowth
in the aging craniopcial skeleton, Ann Arbor, Mich., 1984, University of Michigan Center for Human
Growth and Development.)

FIGURE 4-29

	

Growth changes in adults. A, Mean dimensional changes in the mandible for males in
adult life. It is apparent that the pattern of juvenile and adolescent growth continues at a slower but ulti-
mately significant rate. B, The mean positional changes in the maxilla during adult life, for both sexes
combined. Note that the maxilla moves forward and slightly downward, continuing the previous pattern
of growth. (From Behrents RG: A treatise on the continuum of growth in the aging craniofacial skeleton, Ann
Arbor, Mich., 1984, University of Michigan Center for Human Growth and Development.)
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growth process as one that declines to a basal level after the
attainment of sexual maturity, that continues to show a
cephalocaudal gradient (i.e., more mandibular than max-
illary changes in adult life), and that affects the three
planes of space differently. Growth in width is not only
the first to drop to adult levels, usually reaching essential
completion by the onset of puberty, but the basal or adult
level observed thereafter is quite low. 22 Anteroposterior
growth continues at a noticeable rate for a longer period,
declining to basal levels only after puberty, with small but
noticeable changes continuing throughout adult life. Ver-
tical growth, which had previously been observed to con-
tinue well after puberty in both males and females, con-
tinues at a moderate level throughout adult life. The
existing data are not adequate to answer the question of
whether growth rates are greater in early than late adult
life, but even if they are, skeletal growth comes much
closer to being a process that continues throughout life
than most observers had previously suspected.
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The Etiology of Orthodontic Problems

Specific causes of malocclusion
Disturbances in embryologic development
Skeletal growth disturbances
Muscle dysfunction

Acromegaly and hemimandibular hypertrophy
Disturbances of dental development

Genetic influences
Environmental influences

Equilibrium theory and development of the dental
occlusion

Functional influences on dentofacial development
Etiology in contemporary perspective

Changing views of etiologic possibilities
Etiology of crowding and malalignment
Etiology of skeletal problems

Malocclusion is a developmental condition. In most in-
stances, malocclusion and dentofacial deformity are caused,
not by some pathologic process, but by moderate distor
tions of normal development. Occasionally a single specific
cause is apparent, as for example, mandibular deficiency
secondary to a childhood fracture of the jaw or the charac-
teristic malocclusion that accompanies some genetic syn-
dromes. More often these problems result from a complex
interaction among multiple factors that influence growth
and development, and it is impossible to describe a specific
etiologic factor (Figure 5-1).

Although it is difficult to know the precise cause of
most malocclusions, we do know in general what the possi-
bilities are, and these must be considered when treatment
is considered. In this chapter, we examine etiologic factors

for malocclusion under three major headings: specific
causes, hereditary influences, and environmental influ-
ences. The chapter concludes with a perspective on the
interaction of hereditary and environmental influences in
the development of the major types of malocclusion.

SPECIFIC CAUSES OF MALOCCLUSION

Disturbances in Embryologic Development
Defects in embryologic development usually result in death
of the embryo. As many as 20% of early pregnancies ter-
minate because of lethal embryologic defects, often so early
that the mother is not even aware of conception. Only a rel-
atively small number of recognizable conditions that pro-
duce orthodontic problems are compatible with long-term
survival. The more common of these conditions and their
embryologic origins are discussed briefly and illustrated in
Chapter 3. Further details are provided in current texts on
facial syndromes ) and dentofacial deformity. 2,3

A variety of causes exist for embryologic defects, rang-
ing from genetic disturbances to specific environmental in-
sults. Chemical and other agents capable of producing em
bryologic defects if given at the critical time are called
teratogens. Most drugs do not interfere with normal devel-
opment or, at high doses, kill the embryo without producing
defects, and therefore are not teratogenic. Teratogens typi-
cally cause specific defects if present at low levels but if given
in higher doses, do have lethal effects. Teratogens known to
produce orthodontic problems are listed in Table 5-1.

Problems that can be traced to embryologic defects,
though devastating to the affected individual, fortunately
are relatively rare. The best estimate is that fewer than 1
of children who need orthodontics had a disturbance in
embryologic development as a major contributing cause.

CHAPTER
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FIGURE 5-1

	

From a broad perspective, only about one third
of the U.S. population has normal occlusion, while two thirds have
some degree of malocclusion. In the malocclusion group, a small
minority have problems attributable in a specific known cause; the
remainder are the result of a complex and poorly-understood com-
bination of hereditary and environmental influences.

TABLE 5-1

	

Teratogens Affecting Dentofacial Development

Skeletal Growth Disturbances
Fetal Molding and Birth Injuries.

	

Injuries apparent
at birth fall into two major categories: (1) intrauterine
molding and (2) trauma to the mandible during the birth
process, particularly from the use of forceps in delivery.

Intrauterine Molding.

	

Pressure against the develop-
ing face prenatally can lead to distortion of rapidly growing
areas. Strictly speaking, this is not a birth injury, but be
cause the effects are noted at birth, it is considered in that
category. On rare occasions an arm is pressed across the

face in utero, resulting in severe maxillary deficiency at birth
(Figure 5-2). Occasionally a fetus' head is flexed tightly
against the chest in utero, preventing the mandible from
growing forward normally. This is related to a decreased vol-
ume of amniotic fluid, which can occur for any of several rea-
sons. The result is an extremely small mandible at birth, usu-
ally accompanied by a cleft palate because the restriction on
displacement of the mandible forces the tongue upward and
prevents normal closure of the palatal shelves.

This extreme mandibular deficiency at birth is the
Pierre Robin syndrome. The reduced volume of the oral
cavity can lead to respiratory difficulty at birth, and it may
be necessary to suture the tongue forward temporarily or
even perform a tracheostomy so the infant can breathe.

Because the pressure against the face that caused the
growth problem would not be present after birth, one would
predict normal growth thereafter and perhaps eventually a
complete recovery. Some children with Pierre Robin syn-
drome at birth do have favorable mandibular growth there-
after. For that reason, early aggressive treatment to lengthen
the mandible should be avoided. Others never make up the
deficit (Figure 5-3) and surgical intervention is needed. It
has been estimated that about one-third of the Pierre Robin
patients have a defect in cartilage formation and can be said
to have Stickler syndrome. Not surprisingly, this group have
limited growth potential. Catch-up growth is most likely
when the original problem was mechanical growth restric-
tion that no longer existed after birth. s

Birth Trauma to the Mandible.

	

Many deformity pat-
terns now known to result from other causes once were
blamed on injuries during birth. Many parents, despite
explanations from their doctors, will refer to their child's
facial deformity as being caused by a birth injury even if a
congenital syndrome pattern is evident. No matter what
the parents say later, Treacher Collins syndrome or
Crouzon's syndrome (see Chapter 3) obviously did not
arise because of birth trauma.

In some difficult births, however, the use of forceps to
the head to assist in delivery might damage either or both
the temporomandibular joints. At least in theory, heavy
pressure in the area of the temporomandibular joints could
cause internal hemorrhage, loss of tissue, and a subsequent
underdevelopment of the mandible. At one time this was a
common explanation for mandibular deficiency. If the car-
tilage of the mandibular condyle were an important
growth center, of course, the risk from damage to a pre-
sumably critical area would seem much greater. In light of
the contemporary understanding that the condylar carti-
lage is not critical for proper growth of the mandible, it is
not as easy to blame underdevelopment of the mandible on
birth injuries.

It is interesting to note that although the use of forceps
in deliveries has decreased considerably over the last 50
years, the prevalence of Class II malocclusion as a result of
mandibular deficiency has not decreased. In short, injury to
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FIGURE 5-2

	

A and B, Midface deficiency in a 3-year-old, still apparent though much
improved from the severe deficiency that was present at birth because of intrauterine molding.

FIGURE 5-3

	

A and B, Severe mandibular deficiency in a 9-year-old boy, who was noted at birth
to have a very small mandible and cleft palate and was diagnosed as having Pierre Robin syndrome.
Despite considerable postnatal growth of the mandible, mandibular deficiency has persisted. (From
Proffit WR, White RP Jr: Surgical-orthodontic treatment, St Louis, 1991, Mosby.)
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the mandible during a traumatic delivery appears to be a

	

vulnerable, and fractures of this area in childhood are rela-
rare and unusual cause of facial deformity. Children with

	

tively common. Fortunately, the condylar process tends to
deformities involving the mandible are much more likely to

	

regenerate well after early fractures. The best human data
have a congenital syndrome.

	

suggest that about 75% of children with early fractures of
Childhood Fractures of the Jaw.

	

The falls and im-

	

the mandibular condylar process have normal mandibular
pacts of childhood can fracture jaws just like other parts of

	

growth, and therefore do not develop malocclusions that
the body. The condylar neck of the mandible is particularly

	

they would not have had in the absence of such trauma (see

FIGURE 5-4

	

A and B, Mandibular asymmetry in an 8-year-old boy, due to deficient growth on
the affected side after fracture of the left condylar process, probably at age 2. For this patient, growth
was normal until mandibular growth began to be restricted at age 6; then facial asymmetry developed
rapidly. C and D, Mandibular asymmetry in a 10-year-old girl due to rheumatoid arthritis that has
affected the temporomandibular (TM) joint on the left side. Note the shortening of the left ramus
because of resorption at the condyle. An old fracture is the most likely cause of asymmetric mandi-
bular deficiency in a child, but other destructive processes also can produce this problem.
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Chapter 2). Interestingly, the prognosis is better the earlier
the condylar fracture occurs, perhaps because the growth
potential is greater early in life. From the number of chil-
dren with later growth problems whose original fracture
was not diagnosed, it appears that many early fractures of
the condylar process go completely unnoticed. It seems to
be relatively common for a child to crash the bicycle, chip
a tooth and fracture a condyle, cry a bit, and then continue
to develop normally, complete with total regeneration of
the condyle.

When a problem does arise following condylar frac-
ture, it usually is asymmetric growth, with the previously
injured side lagging behind (Figure 5-4). A survey of pa
tients seen in the Dentofacial Clinic at the University of
North Carolina indicates that only about 5% of patients
referred for evaluation of severe mandibular deficiency
have clinical and/or historical evidence of an early fracture
of the jaw.6 This suggests that childhood jaw fractures,
though potentially a cause of severe orthodontic problems,
do not make a large contribution to the total pool of pa-
tients with malocclusion.

It is important to understand the mechanism by
which trauma can produce a distortion in subsequent
growth. The maxilla normally grows downward and for
ward because of a combination of push from behind by
the lengthening cranial base (which is largely complete at
an early age) and pull from in front by anteriorly posi-
tioned tissue elements (probably including but not lim-
ited to the cartilaginous nasal septum). The mandible
seems to be almost entirely pulled forward by the soft tis-
sue matrix in which it is embedded. After an injury,
growth problems arise when there is enough scarring in

the area to restrict the normal growth movements, so that
the maxilla or, more frequently, the mandible cannot be
pulled forward along with the rest of the growing face. If
there is more scarring and restriction on one side, subse-
quent growth will be asymmetric.

This concept is highly relevant to the management of
condylar fractures in children. It suggests, and clinical ex-
perience confirms, that there would be little if any advan
tage from surgical open reduction of a condylar fracture in
a child. The additional scarring produced by surgery could
make things worse. The best therapy therefore is conserv-
ative management at the time of injury and early mobiliza-
tion of the jaw to minimize any restriction on movement.

An old condylar fracture is the most likely cause of
asymmetric mandibular deficiency in a child, but other de-
structive processes that involve the temporomandibular
joint such as rheumatoid arthritis (See Figure 5-4), or a
congenital absence of tissue as in hemifacial microsomia
(see Chapter 3), also can produce this problem.

Muscle Dysfunction
The facial muscles can affect jaw growth in two ways. First,
the formation of bone at the point of muscle attachments
depends on the activity of the muscle; second, the muscu-
lature is an important part of the total soft tissue matrix
whose growth normally carries the jaws downward and for-
ward. Loss of part of the musculature can occur from un-
known causes in utero or as a result of a birth injury, but is
most likely to result from damage to the motor nerve (the
muscle atrophies when its motor nerve supply is lost). The
result would be underdevelopment of that part of the face
(Figure 5-5).

FIGURE 5-5

	

A and B, Facial asymmetry in an 11-year-old boy whose masseter muscle was
largely missing on the left side. The muscle is an important part of the total soft tissue matrix;
in its absence growth of the mandible in the affected area also is deficient.
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growth was completed.9 The condylar cartilage prolifer-
ates, but it is difficult to be sure whether this is the cause of
the mandibular growth or merely accompanies it. Although
the excessive growth stops when the tumor is removed or
irradiated, the skeletal deformity persists and orthognathic
surgery to reposition the mandible is likely to be necessary
(see Chapter 22).

Occasionally, unilateral excessive growth of the
mandible occurs in individuals who seem metabolically
normal. Why this occurs is entirely unknown. It is most
likely in girls between the ages of 15 and 20, but may oc-
cur as early as age 10 or as late as the early 30s in either sex.
The condition formerly was called condylar hyperplasia, and
proliferation of the condylar cartilage is a prominent as-
pect; however, because the body of the mandible also is af-
fected (Figure 5-9), hemimandibular hypertrophy now is
considered a more accurate descriptive term. l° The exces-
sive growth may stop spontaneously, but in severe cases re-
moval of the affected condyle and reconstruction of the
area is necessary.

FIGURE 5-6

	

Facial asymmetry in a 6-year-old girl with torti-
collis. Excessive muscle contraction can restrict growth in a way
analogous to scarring after an injury. Despite surgical release of
the contracted neck muscles at age 1, moderate facial asymmetry
developed in this case, and a second surgical release of the mus-
cles was performed at age 7. Note that the asymmetry affects the
entire side of the face, not just the mandible.

Excessive muscle contraction can restrict growth in
much the same way as scarring after an injury. This effect
is seen most clearly in torticollis, a twisting of the head
caused by excessive tonic contraction of the neck muscles
on one side (primarily the sternocleidomastoid) (Figure
5-6). The result is a facial asymmetry because of growth
restriction on the affected side, which can be quite severe
unless the contracted neck muscles are surgically detached
at an early age. 7 Conversely, the decrease in tonic muscle
activity that occurs in muscular dystrophy, some forms of
cerebral palsy, and various muscle weakness syndromes
allow the mandible to drop downward away from the rest
of the facial skeleton. The result is increased anterior face
height, distortion of facial proportions and mandibular
form, excessive eruption of the posterior teeth, narrowing
of the maxillary arch and anterior open bite (Figure 5-7).a

Acromegaly and Hemimandibular
Hypertrophy
In acromegaly, which is caused by an anterior pituitary
tumor that secretes excessive amounts of growth hormone,
excessive growth of the mandible may occur, creating a
skeletal Class III malocclusion in adult life (Figure 5-8).
Often (but not always-sometimes the mandible is unaf-
fected) mandibular growth accelerates again to the levels
seen in the adolescent growth spurt, years after adolescent

Disturbances of Dental Development
Disturbances of dental development may accompany major
congenital defects but are most significant as contributors
to isolated Class I malocclusion. Significant disturbances
include:

Congenitally Missing Teeth. Congenital absence
of teeth results from disturbances during the initial stages
of formation of a tooth-initiation and proliferation. An
odontia, the total absence of teeth, is the extreme form.
The term oligodontia refers to congenital absence of many
but not all teeth, whereas the rarely used term hypodontia
implies the absence of only a few teeth. Since the primary
teeth give rise to the permanent tooth buds, there will be
no permanent tooth if its primary predecessor was miss-
ing. It is possible, however, for the primary teeth to be
present and for some or all the permanent teeth to be
absent.

Anodontia or oligodontia, the absence of all or most
of the permanent teeth, is usually associated with an un-
usual but mild systemic abnormality, ectodermal dysplasia.
Individuals with ectodermal dysplasia have thin, sparse
hair and an absence of sweat glands in addition to their
characteristically missing teeth (Figure 5-10). Occasion-
ally, oligodontia occurs in a patient with no apparent sys-
temic problem or congenital syndrome. In these children,
it appears as if there is a random pattern to the missing
teeth.

Anodontia and oligodontia are rare, but hypodontia is
a relatively common finding. As a general rule, if only one
or a few teeth are missing, the absent tooth will be the
most distal tooth of any given type. If a molar tooth is con-
genitally missing, it is almost always the third molar; if an
incisor is missing, it is nearly always the lateral; if a pre-
molar is missing, it almost always is the second rather than
the first. Rarely is a canine the only missing tooth.



FIGURE 5-7	 A and B, Lengthening of the lower face typically occurs inpatients with mus-
cle weakness syndromes, as in this 15-year-old boy with muscular dystrophy. C and D, Anterior
open bite, as in this patient, usually (but not always) accompanies excessive face height.

FIGURE 5-8	 Profile view and cephalometric radiograph of a 45-year-old man with acromegaly,
which was diagnosed 3 years previously after he went to his dentist because his lower jaw was com-
ing forward. After irradiation of the anterior pituitary area, elevated growth hormone levels dropped
and mandibular growth ceased. Note the enlargement of sella turcica and loss of definition of its
bony outline in the cephalometric radiograph (arrow), reflecting the secretory tumor in that loca-
tion. (From Proffit WR, White RP Jr: Surgical-orthodontic treatment, St Louis, 1991, Mosby.)
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FIGURE 5-9	 A, Facial asymmetry in this 21-year-old woman developed gradually in her
late teens, after orthodontic treatment of Class 11 malocclusion between ages 12 and 14, due
to excessive growth of the mandible on the right side. B, The dental occlusion shows open
bite on the affected right side, reflecting the vertical component of the excessive growth.
C, Note the grossly enlarged mandibular condyle on the right side. Why this type of
excessive but histologically normal growth occurs, and why it is seen predominantly in fe-
males, is unknown.

FIGURE 5-10 A, a child with ectodermal dysplasia, in addition to the characteristic thin and light-
colored hair, is likely to have an overclosed appearance because of lack of development of the alveolar
processes; B, panoramic radiograph of the same boy, showing the multiple missing teeth. Oligodontia of this
extent is almost pathognomonic of ectodermal dysplasia.
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Malformed and Supernumerary Teeth. Abnormal-
ities in tooth size and shape result from disturbances during
the morphodifferentiation stage of development, perhaps
with some carryover from the histodifferentiation stage. The
most common abnormality is a variation in size, particularly
of maxillary lateral incisors (Figure 5-11) and second pre-
molars. About 5 % of the total population have a significant
"tooth size discrepancy" because of disproportionate sizes of
the upper and lower teeth. Unless the teeth are matched for
size, normal occlusion is impossible. As might be expected,
tb e most variable teeth, the maxillary lateral incisors, are the
major culprits. The diagnosis of tooth size discrepancy, dis-
cussed in Chapter 6, is based on comparison of the widths of
teeth to published tables of expected tooth sizes.

Occasionally, tooth buds may fuse or geminate (par-
tially split) during their development. Fusion results in teeth
with separate pulp chambers joined at the dentin, whereas
gemination results in teeth with a common pulp chamber
(Figure 5-12). The differentiation between gemination and
fusion can be difficult and is usually confirmed by counting
the number of teeth in an area. If the other central and both
lateral incisors are present, a bifurcated central incisor is the
result of either gemination or, less probably, fusion with a
supernumerary incisor. On the other hand, if the lateral in-
cisor on the affected side is missing, the problem probably
is fusion of the central and lateral incisor buds. Normal
occlusion, of course, is all but impossible in the presence of
geminated, fused, or otherwise malformed teeth.

Supernumerary or extra teeth also result from distur-
bances during the initiation and proliferation stages of den-
tal development. The most common supernumerary tooth
appears in the maxillary midline and is called a mesiodens.
Supernumerary lateral incisors also occur; extra premolars
occasionally appear; a few patients have fourth as well as
third molars. The presence of an extra tooth obviously has
great potential to disrupt normal occlusal development
(Figure 5-13), and early intervention to remove it is usually
required to obtain reasonable alignment and occlusal rela-
tionships. Multiple supernumerary teeth are most often
seen in the congenital syndrome of cleidocranial dysplasia

FIGURE 5-11

	

Disproportionately large (A) or small (B) max-
illary lateral incisors are relatively common. This creates a tooth-
size discrepancy that makes normal alignment and occlusion
almost impossible. It is easier to build up small laterals than re-
duce the size of large ones-the lateral incisors for the patient in
(A) already have been reduced as much as possible without going
through the enamel.

FIGURE 5-12	Fusion of a mandibular lateral incisor and canine.

FIGURE 5-13

	

The maxillary midline is the most common
location for a supernumerary tooth, which can be of almost any
shape. The supernumerary may block the eruption of one or both
the central incisors, or may separate them widely and also displace
the lateral incisors, as in this girl.
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FIGURE 5-14

	

Sequence of panoramic radiographs of a patient with cleidocranial dysplasia (same patient
as Figure 3-24, which shows the pretreatment condition). A, Age 10, after surgical removal of primary and
supernumerary incisors and uncovering of the permanent incisors. There has been some spontaneous erup-
tion of the permanent teeth. B, Age 14, after orthodontic treatment to bring the incisors into the mouth and
surgical removal of primary canines and molars, as well as supernumerary teeth in that area. C, Age 16, to-
ward the completion of orthodontic treatment to bring the unerupted teeth into occlusion. The maxillary
right second premolar became ankylosed, but other teeth responded satisfactorily to treatment.

(see Figure 3-24), which is characterized by missing clavi-
cles (collar bones), many supernumerary and unerupted
teeth, and failure of the succedaneous teeth to erupt (see
further discussion following).

Interference with Eruption.

	

For a permanent tooth
to erupt, the overlying bone as well as the primary tooth
roots must resorb, and the tooth must make its way
through the gingiva. Supernumerary teeth, sclerotic bone,
and heavy fibrous gingiva can obstruct eruption.

All of these interferences are present in cleidocranial
dysplasia. The multiple supernumerary teeth contribute
an element of mechanical interference. More seriously,
children with this condition have a defect in bone resorp-
tion, and the gingiva is quite heavy and fibrous." If the
eruption path can be cleared, the permanent teeth will

erupt (Figure 5-14). To accomplish this, it is necessary not
only to extract any supernumerary teeth that may be in the
way but also to remove the bone overlying the permanent
teeth and reflect the gingiva so that the teeth can break
through into the mouth.

In patients with less severe interferences with eruption,
delayed eruption of some permanent teeth contributes to
malocclusion only when other teeth drift to improper po
sitions in the arch. In 5% to 10% of U.S. children, at least
one primary molar becomes ankylosed (fused to the bone)
before it finally resorbs and exfoliates. Although this delays
eruption of its permanent successor, there is usually no last-
i ng effect.

Ectopic Eruption. Occasionally, malposition of a
permanent tooth bud can lead to eruption in the wrong
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place. This condition is called ectopic eruption and is most
likely to occur in the eruption of maxillary first molars." If
the eruption path of the maxillary first molar carries it too
far mesially at an early stage, the permanent molar is unable
to erupt, and the root of the second primary molar may be
damaged (Figure 5-15). The mesial position of the perma-
nent molar means that the arch will be crowded unless the
child receives treatment.

FIGURE 5-15

	

Ectopic eruption of the permanent maxillary
first molar apparently results from mesial position or inclination
of the tooth bud. This causes the eruptive path of the first molar
to contact the root of the primary second molar. Delay in erup-
tion of the first molar and root resorption of the second primary
molar usually result, as shown here in an 8-year-old boy. Loss of
space can cause crowding in the arch. Crowding of the permanent
teeth is inevitable without treatment.

Ectopic eruption of other teeth is rare but can result
in transposition of teeth or bizarre eruption positions.
Mandibular second premolars sometimes erupt distally and
can end up in the ramus (Figure 5-16). 13 A poor eruption
direction of other teeth, especially maxillary canines, usu-
ally is due to the eruption path being altered by a lack of
space.

Early Loss of Primary Teeth.

	

When a unit within
the dental arch is lost, the arch tends to contract and the
space to close. At one time, this space closure was attributed
entirely to mesial drift of posterior teeth, which in turn was
confidently ascribed to forces from occlusion. Although a
mesially-directed force can accompany occlusion, 14 it prob-
ably is not a major factor in closure of spaces within the
dental arches.

The contemporary view is that mesial drift is a phe-
nomenon of the permanent molars only. The major reason
these teeth move mesially when a space opens up is their
mesial inclination, so that they erupt mesially as well as oc-
clusally. Experimental data suggest that, rather than caus-
ing mesial drift, forces from occlusion actually retard it.' s
In other words, a permanent molar is likely to drift mesially
more rapidly in the absence of occlusal contacts than if they
are present.

Mesial drift of the permanent first molar after a pri-
mary second molar is lost prematurely (Figure 5-17) can

FIGURE 5-16

	

Mandibular second premolars tend to erupt tipped distally, and are prone to horizontal im-
paction, especially if the first molar is lost prematurely (A), but orthodontic correction is possible (B). Rarely,
the premolars migrate distally beneath the permanent molars (C), and extreme migration into the mandibu-
lar ramus, even to the point that a premolar is found at the top of the coronoid process, is possible (D), as in
this specimen from a sixteenth century burial site. (D, Courtesy Dr. K. Mitchell)
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significantly contribute to the development of crowding in
the posterior part of the dental arch. This has been a sig-
nificant cause of crowding and malalignment of premolars
in the past. For this reason, maintenance of the space after
a primary second molar has been lost is indicated (see
Chapter 13).

When a primary first molar or canine is lost prema-
turely, there is also a tendency for the space to close. This
occurs primarily by distal drift of incisors, not by mesial
drift of posterior teeth (Figure 5-18). The impetus for dis-
tal drift appears to have two sources: force from active con-
traction of transseptal fibers in the gingiva, and pressures
from the lips and checks. 16 The pull from transseptal
fibers probably is the more consistent contributor to this
space closure tendency, whereas lip pressure adds a vari-
able component (see the following section on equilib-
rium). If a primary canine or first molar is lost prematurely
on only one side, the permanent teeth drift distally only on
that side, leading to an asymmetry in the occlusion as well
as a tendency toward crowding.

From this description, it is apparent that early loss of
primary teeth can cause crowding and malalignment within
the dental arches. Is this a major cause of Class I crowding

FIGURE 5-17

	

In this 8-year-old child, the space once occu-
pied by the primary maxillary left second molar (on the right side
in this mirror-image photograph) has almost totally closed as the
permanent first molar drifted mesially.

FIGURE 5-18

	

Premature loss of primary canines leads to clo-
sure of space, not by mesial drift of the primary posterior teeth but
by distal drift of the permanent incisors.

problems? The impact of fluoridation and other caries-
preventive treatment on the prevalence of malocclusion in-
dicates that it is not. Although fluoridation greatly reduced
caries and early loss of primary teeth in typical U.S. com-
munities, there was little or no impact on the prevalence of
malocclusion. Even without fluoridation, in other words,
most crowding problems are not caused by early loss of pri-
mary teeth.

Traumatic Displacement of Teeth.

	

Almost all chil-
dren fall and hit their teeth during their formative years.
Occasionally, the impact is intense enough to knock out or
severely displace a primary or permanent tooth. Dental
trauma can lead to the development of malocclusion in
three ways: (1) damage to permanent tooth buds from an
injury to primary teeth, (2) drift of permanent teeth after
premature loss of primary teeth, and (3) direct injury to
permanent teeth.

Trauma to a primary tooth can displace the permanent
tooth bud underlying it. There are two possible results.
First, if the trauma occurs while the crown of the permanent
tooth is forming, enamel formation will be disturbed and
there will be a defect in the crown of the permanent tooth.

Second, if the trauma occurs after the crown is com-
plete, the crown may be displaced relative to the root. Root
formation may stop, leaving a permanently shortened root.
More frequently, root formation continues, but the re-
maining portion of the root then forms at an angle to the
traumatically displaced crown (Figure 5-19). This distor-
tion of root form is called dilaceration, defined as a distorted
root form. Dilaceration may result from mechanical inter-
ference with eruption (as from an ankylosed primary tooth
that does not resorb), but its usual cause, particularly in
permanent incisor teeth, is trauma to primary teeth that
also displaced the permanent buds.

FIGURE 5-19

	

Distortion of the root (termed dilaceration) of
this lateral incisor resulted from trauma at an earlier age that
displaced the crown relative to the forming root.
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If distortion of root position is severe enough, it is al-
most impossible for the crown to assume its proper posi-
tion-that might require the root to extend out through
the alveolar bone. For this reason, it may be necessary to
extract a severely dilacerated tooth. Traumatically dis-
placed tooth buds in children should be repositioned as
early as possible, so that when root formation does resume,
distortion of the root position will be minimized. This
topic is discussed in more detail in Chapter 13.

Permanent teeth are often displaced by trauma. If the
tooth is knocked labially or lingually, the root of the tooth
is sometimes damaged, but there always is a fracture of the
alveolar process. Immediately after the accident, an intact
tooth usually can be moved back to its original position
rapidly and easily, so early treatment is indicated (see Chap-
ter 14). After healing (which takes 2 to 3 weeks), it is diffi-
cult to reposition the tooth, and ankylosis may develop that
makes it impossible.

GENETIC INFLUENCES

A strong influence of inheritance on facial features is obvi-
ous at a glance-it is easy to recognize familial tendencies
in the tilt of the nose, the shape of the jaw, and the look of
the smile. It is apparent that certain types of malocclusion
run in families. The Hapsburg jaw, the prognathic
mandible of the German royal family, is the best known ex-
ample, but dentists see repeated instances of similar maloc-
clusions in parents and their offspring. The pertinent ques-
tion for the etiologic process of malocclusion is not
whether there are inherited influences on the jaws and
teeth, because obviously there are, but whether malocclu-
sion is often caused by inherited characteristics.

Malocclusion could be produced by inherited charac-
teristics in two major ways. The first would be an inherited
disproportion between the size of the teeth and the size of
the jaws, which would produce crowding or spacing. The
second would be an inherited disproportion between size
or shape of the upper and lower jaws, which would cause
improper occlusal relationships. The more independently
these characteristics are determined, the more likely that
disproportions could be inherited. Could a child inherit
large teeth but a small jaw, for instance, or a large upper jaw
and a small lower one? That would be quite possible if jaw
and tooth sizes were inherited independently, but if dento-
facial characteristics tended to be linked, an inherited mis-
match of this type would be unlikely.

Primitive human populations in which malocclusion is
less frequent than in modern groups are characterized by
genetic isolation and uniformity. If everyone in a group car
ried the same genetic information for tooth size and jaw
size, there would be no possibility of a child inheriting dis-
cordant characteristics. In the absence of processed food,
one would expect strong selection pressure for traits that
produced good masticatory function. Genes that intro-

duced disturbances into the masticatory system would tend
to be eliminated from the population (unless they con-
ferred some other advantage). The result should be exactly
what is seen in primitive populations: individuals in whom
tooth size-jaw size discrepancies are infrequent, and groups
in which everyone tends to have the same jaw relationship.
Different human groups have developed impressive varia-
tions in facial proportions and jaw relationships. What hap-
pens, then, when there is outbreeding between originally
distinct human population groups?

One of the characteristics of civilization is the collec-
tion of large groups of people into urban centers, where the
opportunities for mating outside one's own small popula
tion group are greatly magnified. If inherited dispropor-
tions of the functional components of the face and jaws
were frequent, one would predict that modern urban pop-
ulations would have a high prevalence of malocclusion and
a great variety of orthodontic problems. The United States,
reflecting its role as a "genetic melting pot," should have
one of the world's highest rates of malocclusion-which it
does. In the 1930s and 1940s, as knowledge of the new sci-
ence of genetics developed, it was tempting to conclude
that the great increase in outbreeding that occurred as hu-
man populations grew and became more mobile was the
major explanation for the increase in malocclusion in re-
cent centuries.

This view of malocclusion as primarily a genetic prob-
lem was greatly strengthened by breeding experiments
with animals carried out in the 1930s. By far the most in
fluential individual in this regard was Professor Stockard,
who methodically crossbred dogs and recorded the inter-
esting effects on body structure.17 7 Present-day dogs, of
course, come in a tremendous variety of breeds and sizes.
What would happen if one crossed a Boston terrier with a
collie? Might the offspring have the collie's long, pointed
lower jaw and the terrier's diminutive upper jaw? Could un-
usual crowding or spacing result because the teeth of one
breed were combined in the offspring with the jaw of the
other? Stockard's experiments indicated that dramatic mal-
occlusions did occur in his crossbred dogs, more from jaw
discrepancies than from tooth size-jaw size imbalances
(Figure 5-20). These experiments seemed to confirm that
independent inheritance of facial characteristics could be a
major cause of malocclusion and that the rapid increase in
malocclusion accompanying urbanization was probably the
result of increased outbreeding.

These dog experiments turned out to be misleading,
however, because many breeds of small dogs carry the gene
for achondroplasia. Animals or humans affected by this
condition have deficient growth of cartilage. The result is
extremely short extremities and an underdeveloped mid-
face. The dachshund is the classic achondroplastic dog, but
most terriers and bulldogs also carry this gene. Achon-
droplasia is an autosomal dominant trait. Like many dom-
inant genes, the gene for achondroplasia sometimes has
only partial penetrance, meaning simply that the trait will
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FIGURE 5-20

	

In breeding experiments w ith dogs in the 1930s, Professor Stockard demonstrated that
severe malocclusions could be developed by crossing morphologically different breeds. His analogy to
human malocclusion was a powerful influence in the rejection of the prevailing belief of the 1920s that
improper jaw function caused malocclusion. (From Stockard CR, Johnson AL: Genetic and endocrinic basis
for differences inform and behavior Philadelphia, 1941, The Wistar Institute of Anatomy and Biology.)

be expressed more dramatically in some individuals than in
others. Most of the unusual malocclusions produced in
Stockard's breeding experiments can be explained not on
the basis of inherited jaw size but by the extent to which
achondroplasia was expressed in that animal.

Achondroplasia is rare in humans, but it does occur,
and it produces the expected changes (Figure 5-21). In ad-
dition to short limbs, the cranial base does not lengthen
normally because of the deficient growth at the synchon-
droses, the maxilla is not translated forward to the normal
extent, and a relative midface deficiency occurs. In a num-
ber of relatively rare genetic syndromes like achondropla-
sia, influences on the form of the face, jaws, and teeth can
be discerned,' but those cause only a small percentage of
orthodontic problems.

A careful examination of the results of outbreeding in
human populations also casts doubt on the hypothesis that
independently inherited tooth and jaw characteristics are a
major cause of malocclusion. The best data are from inves-
tigations carried out in Hawaii by Chung et al.' s Before its
discovery by the European explorers of the eighteenth cen-
tury, Hawaii had a homogeneous Polynesian population.
Large scale migration to the islands by European, Chinese
and Japanese groups, as well as the arrival of smaller num-
bers of other racial and ethnic groups, resulted in an ex-
ceptionally heterogeneous modern population. Tooth size,
jaw size, and jaw proportions were all rather different for
the Polynesian, Oriental, and European contributors to the

FIGURE 5-21

	

Characteristic facial appearance in an individ-
ual with achondroplasia. Note the deficient midface, particularly
at the bridge of the nose. This results from decreased growth of
cartilage in the cranial base, with a resulting lack of forward trans-
lation of the maxilla.

Hawaiian melting pot. Therefore if tooth and jaw charac-
teristics were inherited independently, a high prevalence of
severe malocclusion would be expected in this population.
The prevalence and types of malocclusion in the current
Hawaiian population, though greater than the prevalence
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of malocclusion in the original population, do not support
this concept. The effects of interracial crosses appear to be
more additive than multiplicative. For example, about 10%
of the Chinese who migrated to Hawaii had Class III mal-
occlusion, whereas about 10% of the Polynesians had
crowded teeth. The offspring of this cross seem to have
about a 10% prevalence of each characteristic, but there is
no evidence of dramatic facial deformities like those seen in
the crossbred dogs. In other words, if malocclusion or a
tendency to malocclusion is inherited, the mechanism is
not the independent inheritance of discrete morphologic
characteristics like tooth and jaw sizes.

The classic way to determine to what extent a charac-
teristic is determined by inheritance is to compare mono-
zygotic (identical) with dizygotic (fraternal) twins. Mono
zygotic twins occur because of the early division of a
fertilized egg, so each individual has the same chromoso-
mal deoxyribonucleic acid (DNA) and the two are geneti-
cally identical. Any differences between them should be
solely the result of environmental influences. Twins also
occur when two eggs are released at the same time and fer-
tilized by different spermatozoa. These dizygotic twins are
not more similar than ordinary siblings except that they
have shared the same intrauterine and family environment.

By comparing identical twins, fraternal twins, and or-
dinary siblings, an estimate of the heritability of any char-
acteristic can be determined. That is, the proportion of the
variability in that characteristic due to heredity can be esti-
mated. Studies of this type are limited in several ways not
only because it is difficult to obtain the twin pairs for study
but also because it can be difficult to establish zygosity and
confirm that the environments were in fact the same for
both members of a twin pair. Lauweryns et al, 19 summariz-
ing a number of research investigations of this type, con-
cluded that about 40% of the dental and facial variations
that lead to malocclusion can be attributed to hereditary
factors. Corrucini and coworkers20,21 argue that with ap-
propriate corrections for unsuspected environmental dif-
ferences within twin pairs, the heritability for some dental
characteristics such as overjet is almost zero.

The other classic method of estimating the influence
of heredity is to study family members, observing similari-
ties and differences between mother-child, father-child,
and sibling pairs. For most measurements of facial skeletal
dimensions (i.e., length of the mandible), correlation coef-
ficients for parent-child pairs are about 0.5, which is the
theoretical upper limit of the genetic contribution for a
first-degree relative. For dental characteristics, the parent-
child correlations are lower, ranging from a maximum of
nearly 0.5 for overjet to a minimum of 0.15 for over-
bite . 22,21 When parent-child correlations are used to assist
in predicting facial growth, errors are reduced, which in
itself strongly indicates the hereditary influence on these
dimensions . 24

From an examination of longitudinal cephalometric
radiographs and dental casts of siblings who participated in

the Bolton-Brush growth study (carried out between the
late 1930s and the early 1970s), Harris and Johnson 25 con-
cluded that the heritability of craniofacial (skeletal) char-
acteristics was relatively high, but that of dental (occlusal)
characteristics was low. For skeletal characteristics, the
heritability estimates increased with increasing age; for
dental characteristics, the heritability estimates decreased,
indicating an increasing environmental contribution to
the dental variation. To the extent that the facial skeleton
determines the characteristics of a malocclusion, there-
fore, a hereditary component is likely to be present, but
purely dental variation seems to be much more environ-
mentally determined.

The influence of inherited tendencies is particularly
strong for mandibular prognathism. In one study, one third
of a group of children who presented with severe Class III
malocclusion had a parent with the same problem, and one
sixth had an affected sibling. 26 The long face pattern of fa-
cial deformity seems to be the second most likely type of
deformity to run in families. In general, siblings are likely
to have severe malocclusions, perhaps because their genet-
ically influenced facial types and growth patterns lead to
similar responses to environmental factors. 27

The extent to which other types of malocclusion are
related to genetic influences is less clear. Let us now exam-
ine the role of the environment in the etiology of maloc-
clusion.

ENVIRONMENTAL INFLUENCES

Environmental influences during the growth and devel-
opment of the face, jaws, and teeth consist largely of
pressures and forces related to physiologic activity. Func-
tion must adapt to the environment. For example, how
you chew and swallow will be determined in part by what
you have to eat; pressures against the jaws and teeth will
occur during both activities and could affect how jaws
grow and teeth erupt.

A relationship between anatomic form and physiologic
function is apparent in all animals. Over evolutionary time,
adaptations in the jaws and dental apparatus are prominent
in the fossil record. Form-function relationships at this level
are controlled genetically and, though important for a gen-
eral understanding of the human condition, have little to do
with any individual's deviation from the current norm.

On the other hand, there is every reason to suspect that
form-function relationships during the lifetime of an indi-
vidual may be significant in the development of malocclu
sion. Although the changes in body form are minimal, an
individual who does heavy physical work as an adolescent
has both heavier and stronger muscles and a sturdier skele-
tal system than one who is sedentary. If function could
affect the growth of the jaws, altered function would be a
major cause of malocclusion, and it would be logical for
chewing exercises and other forms of physical therapy to be
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an important part of orthodontic treatment. But if function
makes little or no difference in the individual's pattern of
development, altering his or her jaw function would have
little if any impact, etiologically or therapeutically. Because
of its importance in contemporary orthodontics, particular
emphasis is placed here on evaluating potential functional
contributions to the etiology of malocclusion and to possi-
ble relapse after treatment.

Equilibrium Theory and Development
of the Dental Occlusion
Equilibrium theory, as applied in engineering, states that
an object subjected to unequal forces will be accelerated
and thereby will move to a different position in space (Fig-
ure 5-22). It follows that if any object is subjected to a set
of forces but remains in the same position, those forces
must be in balance or equilibrium. From this perspective,
the dentition is obviously in equilibrium, since the teeth are
subjected to a variety of forces but do not move to a new lo-
cation under usual circumstances. Even when teeth are
moving, the movements are so slow that a static equilib-
rium can be presumed to exist at any instant in time.

The effectiveness of orthodontic treatment is itself a
demonstration that forces on the dentition are normally in
equilibrium. Teeth normally experience forces from masti
catory effort, swallowing, and speaking but do not move. If
a tooth is subjected to a continuous force from an ortho-
dontic appliance, it does move. From an engineering point
of view, the force applied by the orthodontist has altered
the previous equilibrium, resulting in tooth movement.
The nature of the forces necessary for tooth movement is
discussed in detail in Chapter 9.

Equilibrium considerations also apply to the skeleton,
including the facial skeleton. Skeletal alterations occur all
the time in response to functional demands and are magni
fied under unusual experimental situations. As discussed in

Chapter 2, the bony processes to which muscles attach are
especially influenced by the muscles and the location of the
attachments. The form of the mandible, because it is
largely dictated by the shape of its functional processes, is
particularly prone to alteration. The density of the facial
bones, like the skeleton as a whole, increases when heavy
work is done and decreases in its absence.

Equilibrium Effects on the Dentition.

	

Equilibrium
effects on the dentition can be understood best by observ-
ing the effect of various types of pressures. Although one
might think that force multiplied by duration would ex-
plain the effects, this is not the case. The duration of a
force, because of the biologic response, is more important
than its magnitude.

This important point is made clearer by examining the
response to the forces applied during chewing. When heavy
masticatory forces are applied to the teeth, the fluid-filled
periodontal ligament acts as a shock absorber, stabilizing the
tooth for an instant while alveolar bone bends and the tooth
is displaced for a short distance along with the bone. If the
heavy pressure is maintained for more than a few seconds,
increasingly severe pain is felt, and so the biting force is re-
leased quickly. This type of heavy intermittent pressure has
no impact on the long-term position of a tooth (see Chap-
ter 9 for more detail). A number of pathologic responses to
heavy intermittent occlusal contacts on a tooth may occur,
including increased mobility and pain, but as long as the pe-
riodontal apparatus is intact, forces from occlusion are
rarely prolonged enough to move the tooth to a new posi-
tion in which the occlusal trauma is lessened.

A second possible contributor to the equilibrium that
governs tooth position is pressure from the lips, cheeks, and
tongue. These pressures are much lighter than those from
masticatory function, but are also much greater in duration.
Experiments suggest that even very light forces are success-
ful in moving teeth, if the force is of long enough duration.

FIGURE 5-22

	

If you push lightly against a deck of cards on
a table top, the cards do not move initially because there is an
equilibrium between the force applied by your finger and fric-
tional resistance. When the force of the finger exceeds the fric-
tion, however, the cards must move. Tooth movement occurs
only when the equilibrium against the dentition is unbalanced.

FIGURE 5-23

	

Scarring of the corner of the mouth in this
child is related to a burn at an early age from biting an electrical
cord. From equilibrium theory, one would expect a distortion in
the form of the dental arch in the region of the contracting scar,
and exactly this occurs.
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The duration threshold seems to be approximately 6 hours
in humans. Since the light pressures from lips, cheeks, and
tongue at rest are maintained most of the time, one would
expect these pressures to affect tooth position.

It is easy to demonstrate that this is indeed the case.
For example, if an injury to the soft tissue of the lip results
in scarring and contracture, the incisors in this vicinity will
be moved lingually as the lip tightens against them (Figure
5-23). On the other hand, if restraining pressure by the lip
or cheek is removed, the teeth move outward in response to
unopposed pressure from the tongue (Figure 5-24). Pres-
sure from the tongue, whether from an enlargement of the
tongue from a tumor or other source or because its posture
has changed, will result in labial displacement of the teeth
even though the lips and cheeks are intact, because the
equilibrium is altered (Figure 5-25).

These observations make it plain that, in contrast to
forces from mastication, light sustained pressures from lips,
cheeks, and tongue at rest are important determinants of
tooth position. It seems unlikely, however, that the inter-
mittent short-duration pressures created when the tongue
and lips contact the teeth during swallowing or speaking
would have any significant impact on tooth position. -' s As
with masticatory forces, the pressure magnitudes would be
great enough to move a tooth, but the duration is inade-
quate (Table 5-2).

Another possible contributor to the equilibrium could
be pressures from external sources, of which various habits

FIGURE 5-24

	

In this unfortunate patient, a large portion of
the cheek has been lost because of a tropical infection. The out-
ward splaying of the teeth when the restraining force of the check
is lost illustrates the effect of a change in equilibrium. (From Moss
JP, Picton DCA: Arch Oral Biol 12:1313-1320, 1967.)

FIGURE 5-25

	

After a paralytic stroke in this patient, the side
of the tongue rested against the mandibular left posterior teeth.
A, Intraoral view; B, casts mounted on an articulator. The extreme
displacement of teeth in this adult resulted from the increased
tongue pressure, altering the equilibrium. (Courtesy Dr. T Wallen.)

TABLE 5-2	Possible Equilibrium Influences: Magnitude and
Duration of Force Against the Teeth Dur ing Func tion
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and orthodontic appliances would be most prominent. As an
example, an orthodontic appliance that created light pres-
sure on the inside of the dental arch might be used to expand
the teeth laterally and anteriorly, creating enough space to
bring all teeth into alignment. After a certain amount of
arch expansion, cheek and lip pressure begins to increase.
One could expect that as long as the appliance remained in
place, even though it no longer exerted any active force, it
would serve as a retainer to counter these increased forces.
When the appliance was removed, however, the equilibrium
would again be unbalanced, and the teeth would collapse
lingually until a new position of balance was reached.

Whether a habit can serve in the same way as an or-
thodontic appliance to change the position of the teeth has
been the subject of controversy since at least the first cen
tury AD, when Celsus recommended that a child with a
crooked tooth be instructed to apply finger pressure against
it so that it would be moved to its proper position. From
our present understanding of equilibrium, we would expect
that this would work, if the child kept the finger pressure
against the tooth for 6 hours or more per day.

The same reasoning can be applied to other habits: if a
habit like thumbsucking created pressure against the teeth
for more than the threshold duration (6 hours or more per
day), it certainly could move teeth (Figure 5-26). On the
other hand, if the habit had a shorter duration little or no
effect would be expected, no matter how heavy the pres-
sure. Whether a behavior pattern is essential or nonessen-
tial, innate or learned, its effect on the position of the teeth
is determined not by the force that it applies to the teeth
but by how long that force is sustained.

This concept also makes it easier to understand how
playing a musical instrument might relate to the develop-
ment of a malocclusion. In the past, many clinicians have
suspected that playing a wind instrument might affect the

position of the anterior teeth, and some have prescribed in-
struments as part of orthodontic therapy. Playing a clarinet,
for instance, might lead to increased overjet because of the
way the reeds are placed between the incisors, and this in-
strument could be considered both a potential cause of a
Class 11 malocclusion and a therapeutic device for treat-
ment of Class 111. String instruments like the violin and vi-
ola require a specific head and jaw posture that affects
tongue vs lip/cheek pressures and could produce asymme-
tries in arch form. Although the expected types of displace-
ment of teeth are seen in professional musicians, 29 even in
this group the effects are not dramatic, and little or no ef-
fect is observed in most children. 30 It seems quite likely that
the duration of tongue and lip pressures associated with
playing the instrument is too short to make any difference,
except in the most devoted musician.

Another possible contributor to the dental equilibrium
is the periodontal fiber system, both in the gingival tissues
and within the periodontal ligament. We have already
noted that if a tooth is lost, the space tends to close, in part
because of force created by the transseptal fibers in the gin-
giva. The importance of this force has been demonstrated
experimentally in monkeys by extracting a tooth and then
making repeated incisions in the gingiva so that the
transseptal fiber network is disrupted and cannot reestab-
lish continuity. Space closure is almost completely abol-
ished under these circumstances. 31

The same gingival fiber network stretches elastically
during orthodontic treatment and tends to pull the teeth
back toward their original position. Clinical experience has
shown that after orthodontic treatment, it is often wise to
eliminate this force by making gingival incisions that sever
the stretched transseptal fibers, thereby allowing them to
heal with the teeth properly aligned (see Chapter 18). In
the absence of a space created by extraction or orthodontic

FIGURE 5-26

	

Dental casts from 11-year-old identical twins, one of whom (A) continued to
suck her thumb several hours per day while the other (B) stopped at age 6. Displacement of the
anterior teeth in the thumbsucker is obvious. (Courtesy Dr. T Wallen.)
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tooth movement, however, the gingival fiber network ap-
parently has minimal effects on the dental equilibrium.

The periodontal ligament itself can contribute to the
forces that make up the dental equilibrium. Exactly how the
eruption mechanism works is still not completely under-
stood, but it seems clear now that the eruptive force is gen-
erated within the periodontal ligament. This force is large
enough and sustained enough to move a tooth. It seems
likely that the same metabolic activity can and does produce
forces that serve as a part of "active stabilization" for teeth,
directly contributing to the equilibrium. The extent to
which this occurs in teeth that are not erupting is not
known. It is known, however, that the eruption mechanism
remains at least potentially active throughout life, since a
tooth can begin to erupt again many years after eruptive
movements have apparently ceased, if its antagonist is
extracted. Thus there is at least the potential for metabolic
activity in the periodontal ligament to affect equilibrium.

Consideration of eruptive forces leads to a final aspect
of the dental equilibrium: the effect of forces against the
teeth must be considered, not only in the anteroposterior
and transverse planes of space that relate to the position of
a tooth within the arch, but also vertically in relation to
how much or how little a tooth erupts. The vertical posi-
tion of any tooth, of course, is determined by the equilib-
rium between the forces that produce eruption and those
that oppose it. Forces from mastication are the primary
ones opposing eruption, but lighter, more sustained forces
from soft tissues such as the tongue interposed between the
teeth probably are more important, just as they are for the
horizontal equilibrium.

Equilibrium Effects on Jaw Size and Shape.

	

The
jaws, particularly the mandible, can be thought of as con-
sisting of a core of bone to which functional processes are
attached (see Figure 4-12). The functional processes of
bones will be altered if the function is lost or changed. For
example, the bone of the alveolar process exists only to
support the teeth. If a tooth fails to erupt, alveolar bone
never forms in the area it would have occupied, and if a
tooth is extracted, the alveolus in that region resorbs until
finally it completely atrophies. When one of a pair of
opposing teeth is extracted, the other usually begins to
erupt again, and even as bone is resorbing in one jaw where
the tooth was lost, new alveolar bone forms in the other as
the erupting tooth brings bone with it. The position of the
tooth, not the functional load on it, determines the shape
of the alveolar ridge.

The same is true for the muscular processes: the loca-
tion of the muscle attachments is more important in deter-
mining bone shape than mechanical loading or degree of
activity. Growth of the muscle, however, determines the
position of the attachment, and so muscle growth can pro-
duce a change in shape of the jaw, particularly at the coro-
noid process and angle of the mandible.

If the condylar processes of the mandible can be con-
sidered functional processes serving to articulate the
mandible with the rest of the facial skeleton, as apparently

they can, the intriguing possibility is raised that altering the
position of the mandible might alter mandibular growth.
The idea that holding the mandible forward or pressing it
backward would change its growth has been accepted, re-
jected, and partially accepted again during the past century.
Obviously, this theory has important implications for the
etiology of malocclusion. For example, if a child positions
his mandible forward on closure because of incisor inter-
ferences or because his tongue is large, will this stimulate
the mandible to grow larger and ultimately produce a Class
III malocclusion? Would allowing a young child to sleep on
his stomach, so that the weight of the head rested on the
chin, cause underdevelopment of the mandible and a Class
11 malocclusion?

The effect of force duration is not as clear for equilib-
rium effects on the jaws as for the teeth. It appears, how-
ever, that the same principle applies: the magnitude of force
is less important than its duration. Positioning the jaw for-
ward only when the teeth are brought into occlusion means
that most of the time, when the mandible is in its rest posi-
tion, there is no protrusion. We would expect no effects on
a functional process from repeated intermittent force be-
cause of the short total duration, and the condylar process
seems to respond in accordance with this principle. Neither
experimental nor clinical evidence suggests that mandibu-
lar growth is any different because of occlusal interferences
(though it should be kept in mind that tooth eruption, and
thereby the final position of the teeth, can be altered).

If the mandible were protruded at all times, as might
well be the case if the tongue were unusually large, the du-
ration threshold could be surpassed, and growth effects
might be observed. On clinical examination, individuals
who appear to have a large tongue almost always have a
well-developed mandible, but it is very difficult to establish
tongue size. Only in extreme cases, as with a patient with
early-onset thyroid deficiency, is it possible to be reason-
ably sure that an enlarged tongue contributed to excessive
growth of the mandible (Figure 5-27). This is unlikely to be
a major cause of mandibular prognathism. 32

FIGURE 5-27

	

A large tongue, as in this patient with a history
of thyroid deficiency from infancy onward, may contribute to the
development of mandibular prognathistn by causing the mandible
to be positioned forward at all times.
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Although it was widely believed in Edward Angle's era
that pressures against the mandible from various habits,
particularly sleeping on the stomach, interfered with
growth and caused Class II malocclusion, little or no evi-
dence supports this contention. Growth of the soft tissue
matrix that moves the mandible forward and creates a
space between the condyle and the temporal fossa is the
normal mechanism by which growth occurs. Inhibition of
mandibular growth by pressure is not a feature of normal
development and is much harder to achieve, if indeed it is
possible at all.

From the perspective of equilibrium theory, then, we
can conclude that intermittent pressures or forces have lit-
tle if any effect on either the position of the teeth or the size
and shape of the jaws. Density of bone in the alveolar
process and throughout the basal areas of the jaws should
differ as a function of masticatory forces, but shape should
not. Neither masticatory forces nor soft tissue pressures
during swallowing and speaking should have any major in-
fluence on tooth position.

Major equilibrium influences for the teeth should be
the light but long-lasting pressures from tongue, lips, and
cheeks at rest. In addition, significant equilibrium effects
should be expected from the elasticity of gingival fibers and
from metabolic activity within the periodontal ligament
(see Table 5-2). These equilibrium influences would affect
the vertical as well as horizontal position of the teeth and
could have a profound effect on how much tooth eruption
occurred as well as where a tooth was positioned within the
dental arch. The major equilibrium influences on the
jaws should be positional changes affecting the functional
processes, including the condylar process.

In the remainder of this section, functional patterns
and habits that might produce malocclusion are examined

as potential etiologic agents from the perspective of equi-
librium theory.

Functional Influences on Dentofacial
Development

Masticatory Function.

	

The pressures generated by
chewing activity potentially could affect dentofacial devel-
opment in two ways: (1) greater use of the jaws, with higher
and/or more prolonged biting force, could increase the di-
mensions of the jaws and dental arches. Less use of the jaws
might then lead to underdeveloped dental arches, and to
crowded and irregular teeth; (2) decreased biting force
could affect how much the teeth erupt, thereby affecting
lower face height and overbite/open bite relationships. Let
us now examine both possibilities in more detail.

Function and Dental Arch Size.

	

Equilibrium theory,
as reviewed earlier, suggests that the size and shape of the
muscular processes of the jaws should reflect muscle size
and activity. Enlargement of the mandibular gonial angles
can be seen in humans with hypertrophy of the mandibular
elevator muscles (Figure 5-28), and changes in the form of
the coronoid processes occur in children when temporalis
muscle function is altered after injuries, so there is no doubt
that the muscular processes of the jaws are affected by mus-
cle function in humans. Equilibrium theory also suggests
that heavy intermittent forces produced during mastication
should have little direct effect on tooth positions, and
therefore that size of the dental arches would be affected by
function only if their bony base were widened. Does the
extent of masticatory activity affect the width of the base of
the dental arches?

It seems likely that differences between human racial
groups, to some extent, reflect dietary differences and the
accompanying masticatory effort. The characteristic cran-

FIGURE 5-28

	

Hypertrophy of the masseter muscles leads to excessive bone formation at the angles
of the mandible, as would be expected in a bony area that responds to muscle attachment.
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iofacial morphology of Eskimos, which includes broad
dental arches, is best explained as an adaptation to the ex-
treme stress they place on jaws and teeth, 33 and changes in
craniofacial dimensions from early to modern human civ-
ilizations have been related to the accompanying dietary
changes. 34 A number of studies by physical anthropolo-
gists indicate that changes in dental occlusion, and an in-
crease in malocclusion, occur along with transitions from
a primitive to modern diet and lifestyle, to the point that
Corrucini labels malocclusion a "disease of civilization". 35

In the context of adaptations to changes in diet over even
a few generations, it appears that dietary changes probably
have played a role in the modern increase in malocclusion.

Whether masticatory effort influences the size of the
dental arches and the amount of space for the teeth during
the development of a single individual is not so clear. Ver
tical jaw relationships clearly are affected by muscular ac-
tivity (the effect on tooth eruption is discussed below); the
effect on arch width is not so clear. 36

Animal experiments with soft versus hard diets show
that morphologic changes can occur within a single gener-
ation when diet consistency is altered. When a pig, for in
stance, is raised on a soft rather than a normal diet, there
are changes in jaw morphology, the orientation of the jaws
to the rest of the facial skeleton, and in dental arch dimen-
sions. 37 Whether similar effects exist in humans remains
unclear. If dietary consistency affects dental arch size and
the amount of space for the teeth as an individual develops,
it must do so early in life, because dental arch dimensions
are established early. The intercanine distance, the key di-
mension for the alignment or crowding of incisors that is
the major component of non-skeletal malocclusion, in-
creases only modestly after the primary canines erupt at age
2 and tends to decrease after the permanent canines erupt
(see Chapter 4). Is it possible that a child's masticatory
effort plays a major role in determining dental arch dimen-
sions? That seems unlikely. Genetic drift toward smaller
jaw sizes, accelerated by the dietary changes that have
occurred, is a more plausible explanation, but the precise
relationship remains unknown.

Biting Force and Eruption.

	

Patients who have exces-
sive overbite or anterior open bite usually have posterior
teeth that are infra- or supra-erupted, respectively. It seems
reasonable that how much the teeth erupt should be a func-
tion of how much force is placed against them during func-
tion. Is it possible that differences in muscle strength, and
therefore in biting force, are involved in the etiology of
short- and long-face problems?

It was noted some years ago that short-face individu-
als have higher, and long-face persons lower, maximum
biting forces than those with normal vertical dimensions.
The difference between long-face and normal-face pa-
tients is highly significant statistically for occlusal tooth
contacts during swallow, simulated chewing, and maxi-
mum biting (Figure 5-29). 311 Such an association between
facial morphology and occlusal force does not prove a

cause-and-effect relationship. In the rare muscle weak-
ness syndromes discussed earlier, there is a downward and
backward rotation of the mandible associated with exces-
sive eruption of the posterior teeth, but this is almost a
caricature of the more usual long-face condition, not just
an extension of it. If there were evidence of decreased oc-
clusal forces in children who were showing the long-face
pattern of growth, a possible causative relationship would
be strengthened.

It is possible to identify a long-face pattern of growth
in pre-pubescent children. Measurement of occlusal forces
i n this group produces a surprising result: there are no dif
ferences between children with long faces and normal
faces, nor between either group of children and long-face
adults. 39 All three groups have forces far below those of
normal adults (Figure 5-30). Therefore it appears that the
differences in occlusal force arise at puberty, when the nor-
mal group gains masticatory muscle strength and the long-
face group does not. Because the long-face growth pattern
can be identified before the differences in occlusal force
appear, it seems more likely that the different biting force
is an effect rather than a cause of the malocclusion.

These findings suggest that the force exerted by the
masticatory muscles is not a major environmental factor in
controlling tooth eruption and not an etiologic factor for
most patients with deep bite or open bite. The effect of
muscular dystrophy and related syndromes shows that
there can be definite effects on growth if the musculature is
abnormal, but in the absence of syndromes of this type,
there is no reason to believe that how a patient bites is a
major determinant of either dental arch size or vertical
dimensions.

FIGURE 5-29

	

Comparison of occlusal force for swallowing,
simulated chewing, and maximum effort at 2.5 mm molar separa-
tion in normal-face (black) and long-face (red) adults. Note that
the normal subjects have much greater occlusal force during swal-
lowing and chewing as well as at maximum effort. The differences
are highly significant statistically. (From Proffit WR, Fields HW,
Nixon WL: Occlusal forces in normal and long face adults, f Dent
Res 62:566-571, 1983.)
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FIGURE 5-30

	

Comparison of occlusal forces in normal-face children (NC, black crosshatch), long-face

children (LC red crosshatch), normal-face adults (NA, black), and long-face adults (LA, red). Values for both

groups of children and the long-face adults are similar; values for normal adults are significantly higher than

any of the other three groups. The implication is that the differences in occlusal force in adults result from

failure of the long-face group to gain strength during adolescence, not to the long condition itself. (From
Proffit WR, Fields HW: Occlusal forces in normal and long face children, f Dent Res 62:571-574, 1983.)

Sucking and Other Habits. Although almost all

normal children engage in non-nutritive sucking, pro-

longed sucking habits can lead to malocclusion. As a gen

eral rule, sucking habits during the primary dentition years

have little if any long-term effect. If these habits persist be-

yond the time that the permanent teeth begin to erupt,

however, malocclusion characterized by flared and spaced

maxillary incisors, lingually positioned lower incisors, an-

terior open bite, and a narrow upper arch is the likely result

(see Figure 5-26). The characteristic malocclusion associ-

ated with sucking arises from a combination of direct pres-

sure on the teeth and an alteration in the pattern of resting

cheek and lip pressures.

When a child places a thumb or finger between the

teeth, it is usually positioned at an angle so that it presses lin-

gually against the lower incisors and labially against the up

per incisors (Figure 5-31). This direct pressure is presum-

ably responsible for the displacement of the incisors. There

can be considerable variation in which teeth are affected and

how much, depending on which teeth are contacted. How

much the teeth are displaced should correlate better with the

number of hours per day of sucking than with the magnitude

of the pressure. Children who suck vigorously but intermit-

tently may not displace the incisors much if at all, whereas

others who produce 6 hours or more of pressure, particu-

larly those who sleep with a thumb or finger between the

teeth all night, can cause a significant malocclusion.

FIGURE 5-31

	

A child sucking his thumb usually places it as
shown here, causing pressure that pushes the lower incisors lin-

gually and the upper incisors labially. In addition, the jaw is posi-
tioned downward, providing additional opportunity for posterior

teeth to erupt, and cheek pressure is increased while the tongue is
lowered vertically away from the maxillary posterior teeth, altering

the equilibrium that controls width dimensions. If the thumb is
placed asymmetrically, the symmetry of the arch may be affected.
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The anterior open bite associated with thumbsucking
arises by a combination of interference with normal erup-
tion of incisors and excessive eruption of posterior teeth.
When a thumb or finger is placed between the anterior
teeth, the mandible must be positioned downward to ac-
commodate it. The interposed thumb directly impedes
incisor eruption. At the same time, the separation of the
jaws alters the vertical equilibrium on the posterior teeth,
and as a result, there is more eruption of posterior teeth
than might otherwise have occurred. Because of the
geometry of the jaws, 1 mm of elongation posteriorly
opens the bite about 2 mm anteriorly, so this can be a
powerful contributor to the development of anterior open
bite (Figure 5-32).

Although negative pressure is created within the
mouth during sucking, there is no reason to believe that
this is responsible for the constriction of the maxillary
arch that usually accompanies sucking habits. Instead,
arch form is affected by an alteration in the balance be-
tween cheek and tongue pressures. If the thumb is placed
between the teeth, the tongue must be lowered, which de-
creases pressure by the tongue against the lingual of up-
per posterior teeth. At the same time, cheek pressure
against these teeth is increased as the buccinator muscle
contracts during sucking (Figure 5-33). Cheek pressures
are greatest at the corners of the mouth, and this proba-
bly explains why the maxillary arch tends to become V -
shaped, with more constriction across the canines than
the molars. A child who sucks vigorously is more likely to

have a narrow upper arch than one who just places the
thumb between the teeth.

Although sucking habits can be a powerful contributor
to malocclusion, sucking by itself does not create a severe
malocclusion unless the habit persists well into the mixed
dentition years. Mild displacement of the primary incisor
teeth is often noted in a 3- or 4-year-old thumbsucker, but
if sucking stops at this stage, normal lip and cheek pressures
soon restore the teeth to their usual positions. If the habit
persists after the permanent incisors begin to erupt, ortho-
dontic treatment may be necessary to overcome the result-
ing tooth displacements. The constricted maxillary arch is
the aspect of the malocclusion least likely to correct spon-
taneously. In many children, if the maxillary arch is ex-
panded transversely, both the incisor protrusion and ante-
rior open bite will improve spontaneously (see Chapter 13).
There is no point in beginning orthodontic therapy, of
course, until the habit has stopped.

Many other habits have been indicted as causes of mal-
occlusion. As noted previously, a "sleeping habit" in which
the weight of the head rested on the chin once was thought
to be a major cause of Class 11 malocclusion. Facial asym-
metries have been attributed to always sleeping on one side
of the face or even to "leaning habits," as when an inatten-
tive child leans the side of his face against one hand to doze
without falling out of the classroom chair.

It is not nearly as easy to distort the facial skeleton as
these views implied. Sucking habits often exceed the time
threshold necessary to produce an effect on the teeth, but
even prolonged sucking has little impact on the underlying
form of the jaws. On close analysis most other habits have
such a short duration that dental effects, much less skeletal
effects, are unlikely.

Tongue Thrusting.

	

Much attention has been paid at
various times to the tongue and tongue habits as possible
etiologic factors in malocclusion. The possible deleterious
effects of "tongue thrust swallowing" (Figure 5-34), de-
fined as placement of the tongue tip forward between the
incisors during swallowing, received particular emphasis in
the 1950s and 1960s.

FIGURE 5-32

	

Cephalometric tracing showing the effects of
posterior eruption on the extent of anterior opening. The only
difference between the red and black tracings is that the first
molars have been elongated 2 mm in the red tracing. Note that
the result is 4 mm of separation of the incisors, because of the
geometry of the jaw.

FIGURE 5-33

	

Diagrammatic representation of soft tissue
pressures in the molar region in a child with a sucking habit. As
the tongue is lowered and the cheeks contract during sucking, the
pressure balance against the upper teeth is altered, and the upper
but not the lower molars are displaced lingually.
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FIGURE 5-34

	

The typical appearance of a "tongue thrust
swallow," with the tongue tip between the incisors protruding
forward to put in contact with the elevated lower lip.

Laboratory studies indicate that individuals who place
the tongue tip forward when they swallow usually do not
have more tongue force against the teeth than those who
keep the tongue tip back; in fact, tongue pressure may be
lower. 40 The term tongue thrust is therefore something of a
misnomer, since it implies that the tongue is forcefully
thrust forward. Swallowing is not a learned behavior, but is
integrated and controlled physiologically at subconscious
levels, so whatever the pattern of swallow, it cannot be con-
sidered a habit in the usual sense. It is true, however, that
individuals with an anterior open bite malocclusion place
the tongue between the anterior teeth when they swallow
while those who have a normal incisor relationship usually
do not, and it is tempting to blame the open bite on this
pattern of tongue activity.

Maturation of oral activities, including swallowing,
has been discussed in some detail in Chapter 2. The ma-
ture or adult swallow pattern appears in some normal
children as early as age 3, but is not present in the major-
ity until about age 6 and is never achieved in 10% to 15
of a typical population. Tongue thrust swallowing in older
patients superficially resembles the infantile swallow (de-
scribed in Chapter 3), and sometimes children or adults
who place the tongue between the anterior teeth are spo-
ken of as having a retained infantile swallow. This is
clearly incorrect. Only brain damaged children retain a
truly infantile swallow in which the posterior part of the
tongue has little or no role.

Since coordinated movements of the posterior tongue
and elevation of the mandible tend to develop before pro-
trusion of the tongue tip between the incisor teeth disap
pears, what is called "tongue thrusting" in young children
is often a normal transitional stage in swallowing. During
the transition from an infantile to a mature swallow, a child
can be expected to pass through a stage in which the swal-
low is characterized by muscular activity to bring the lips

together, separation of the posterior teeth, and forward
protrusion of the tongue between the teeth. This is also a
description of the classic tongue thrust swallow. A delay in
the normal swallow transition can be expected when a child
has a sucking habit.

When there is an anterior open bite and/or upper in-
cisor protrusion, as often occurs from sucking habits, it is
more difficult to seal off the front of the mouth during
swallowing to prevent food or liquids from escaping.
Bringing the lips together and placing the tongue between
the separated anterior teeth is a successful maneuver to
close off the front of the mouth and form an anterior seal.
In other words, a tongue thrust swallow is a useful physio-
logic adaptation if you have an open bite, which is why an
individual with an open bite also has a tongue thrust swal-
low. The reverse is not true-a tongue thrust swallow is of-
ten present in children with good anterior occlusion. After
a sucking habit stops, the anterior open bite tends to close
spontaneously, but the position of the tongue between the
anterior teeth persists for a while as the open bite closes.
Until the open bite disappears, an anterior seal by the
tongue tip remains necessary.

The modern viewpoint is, in short, that tongue thrust
swallowing is seen primarily in two circumstances: in
younger children with reasonably normal occlusion, in
whom it represents only a transitional stage in normal
physiologic maturation; and in individuals of any age with
displaced incisors, in whom it is an adaptation to the space
between the teeth. The presence of overjet (often) and an-
terior open bite (nearly always) conditions a child or adult
to place the tongue between the anterior teeth. A tongue
thrust swallow therefore should be considered the result of
displaced incisors, not the cause. It follows, of course, that
correcting the tooth position should cause a change in
swallow pattern, and this usually happens. It is neither nec-
essary nor desirable to try to teach the patient to swallow
differently before beginning orthodontic treatment.

This is not to say that the tongue has no etiologic role
in the development of open bite malocclusion. From equi-
librium theory, light but sustained pressure by the tongue
against the teeth would be expected to have significant ef-
fects. Tongue thrust swallowing simply has too short a du-
ration to have an impact on tooth position. Pressure by the
tongue against the teeth during a typical swallow lasts for
approximately 1 second. A typical individual swallows
about 800 times per day while awake but has only a few
swallows per hour while asleep. The total per day therefore
is usually under 1000. One thousand seconds of pressure,
of course, totals only a few minutes, not nearly enough to
affect the equilibrium.

On the other hand, if a patient has a forward resting
posture of the tongue, the duration of this pressure, even if
very light, could affect tooth position, vertically or hori
zontally. Tongue tip protrusion during swallowing is some-
times associated with a forward tongue posture. If the po-
sition from which tongue movements start is different from
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FIGURE 5-35

	

Prevalence of anterior open bite, thumbsuck-
ing, and tongue thrust swallowing as a function of age. Open bite
occurs much more frequently in blacks than in whites. Note that
the prevalence of anterior open bite at any age is only a small frac-
tion of the prevalence of tongue thrust swallowing and is also less
than the prevalence of thumbsucking. (Data from Fletcher SG et
al, f Speech Hear Disord 26:201-208, 1961; Kelly JE et al: DHEW
Pub No [HRAI 77-144,1977.)

normal, so that the pattern of resting pressures is different,
there is likely to be an effect on the teeth, whereas if the
postural position is normal, the tongue thrust swallow has
no clinical significance.

Perhaps this point can best be put in perspective by
comparing the number of children who have an anterior
open bite malocclusion with the number of children of the
same age reported to have a tongue thrust swallow. As Fig-
ure 5-35 shows, at every age above 6, the number of chil-
dren reported to have a tongue thrust swallow is about 10
times greater than the number reported to have an anterior
open bite. Thus there is no reason to believe that a tongue
thrust swallow always implies an altered rest position and
will lead to malocclusion. The odds are approximately 10
to 1 that this is not the case for any given child. In a child
who has an open bite, tongue posture may be a factor, but
the swallow itself is not.

Respiratory Pattern.

	

Respiratory needs are the pri-
mary determinant of the posture of the jaws and tongue
(and of the head itself, to a lesser extent). Therefore it

FIGURE 5-36

	

The classic "adenoid facies," consisting of nar-
row width dimensions, protruding teeth, and lips separated at
rest, has often been attributed to mouth breathing. Since it is per-
fectly possible to breathe through the nose with the lips separated,
simply by creating an oral seal posteriorly with the soft palate, the
facial appearance is not diagnostic of the respiratory mode. On
careful study, many of these patients are found not to be obliga-
tory mouth breathers.

seems entirely reasonable that an altered respiratory pat-
tern, such as breathing through the mouth rather than the
nose, could change the posture of the head, jaw, and
tongue. This in turn could alter the equilibrium of pres-
sures on the jaws and teeth and affect both jaw growth and
tooth position. In order to breathe through the mouth, it is
necessary to lower the mandible and tongue, and extend
(tip back) the head. If these postural changes were main-
tained, face height would increase, and posterior teeth
would super-erupt; unless there was unusual vertical
growth of the ramus, the mandible would rotate down and
back, opening the bite anteriorly and increasing overjet;
and increased pressure from the stretched cheeks might
cause a narrower maxillary dental arch.

Exactly this type of malocclusion often is associated
with mouth breathing (note its similarity to the pattern
also blamed on sucking habits and tongue thrust swallow).
The association has been noted for many years: the de-
scriptive term adenoid facies has appeared in the English
literature for at least a century, probably longer (Figure
5-36). Unfortunately, the relationship between mouth
breathing, altered posture, and the development of mal-
occlusion is not so clear-cut as the theoretical outcome of
shifting to oral respiration might appear at first glance. 41

Recent experimental studies have only partially clarified
the situation.
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In analyzing this, it is important to understand first that
although humans are primarily nasal breathers, everyone
breathes partially through the mouth under certain physio
logic conditions, the most prominent being an increased
need for air during exercise. For the average individual,
there is a transition to partial oral breathing when ventila-
tory exchange rates above 40 to 45 L/min are reached. At
maximum effort, 80 or more L/min of air are needed, about
half of which is obtained through the mouth. At rest, mini-
mum airflow is 20 to 25 L/min, but heavy mental concen-
tration or even normal conversation lead to increased air-
flow and a transition to partial mouth breathing.

During resting conditions, greater effort is required to
breathe through the nose than through the mouth-the
tortuous nasal passages introduce an element of resistance
to airflow as they perform their function of warming and
humidifying the inspired air. The increased work for nasal
respiration is physiologically acceptable up to a point, and
indeed respiration is most efficient with modest resistance
present in the system. If the nose is partially obstructed, the
work associated with nasal breathing increases, and at a cer-
tain level of resistance to nasal airflow, the individual
switches to partial mouth breathing. This crossover point
varies among individuals, but is usually reached at resis-
tance levels of about 3.5 to 4 cm H-2-O/L/min. 4 ' The
swelling of the nasal mucosa accompanying a common cold
occasionally converts all of us to mouth breathing at rest by
this mechanism.

Chronic respiratory obstruction can be produced by
prolonged inflammation of the nasal mucosa associated
with allergies or chronic infection. It can also be produced
by mechanical obstruction anywhere within the nasorespi-
ratory system, from the nares to the posterior nasal choanae.
Under normal conditions, the size of the nostril is the lim-
iting factor in nasal airflow. The pharyngeal tonsils or ade-
noids normally are large in children, and partial obstruction
from this source may contribute to mouth breathing in chil-
dren. Individuals who have had chronic nasal obstruction
may continue to breathe partially through the mouth even
after the obstruction has been relieved. In this sense, mouth
breathing can sometimes be considered a habit.

If respiration had an effect on the jaws and teeth, it
should do so by causing a change in posture that secondar-
ily altered long-duration pressures from the soft tissues.
Experiments with human subjects have shown that a
change in posture does accompany nasal obstruction.44 For
instance, when the nose is completely blocked, usually
there is an immediate change of about 5 degrees in the
craniovertebral angle (Figure 5-37). The jaws move apart,
as much by elevation of the maxilla because the head tips
back, as by depression of the mandible. When the nasal ob-
struction is removed, the original posture immediately re-
turns. This physiologic response occurs to the same extent,
however, in individuals who already have some nasal ob-
struction, which indicates that it may not totally result from
respiratory demands.

Experiments with growing monkeys show that totally
obstructing the nostrils for a prolonged period in this
species leads to the development of malocclusion but not
of the type commonly associated with mouth breathing in
humans. 45 Instead, the monkeys tend to develop some de-
gree of mandibular prognathism, although their response
shows considerable variety (Figure 5-38). Placing a block in
the roof of a monkey's mouth, which forces a downward
position of the tongue and mandible, also produces a vari-
ety of malocclusions. It seems clear that altered posture is
the mechanism by which growth changes were produced.
The variety of responses in the monkeys suggests that the
type of malocclusion is determined by the individual ani-
mal's pattern of adaptation.

In evaluating these experiments, it must be kept in
mind that mouth breathing of any extent is completely

FIGURE 5-37	Data from an experiment with dental students,
showing the immediate change in head posture when the nostrils
are totally blocked: the head tips back about 5 degrees, increasing
the separation of the jaws. When the obstruction is relieved, head
posture returns to its original position. (From Vig PS et al: Am
Orthod77:258-268, 1980.)

FIGURE 5-38

	

Malocclusion in a monkey who underwent
several months of total nasal obstruction during growth. Note the
mandibular prognathism, the most common response in this
series of experiments. (From Harvold EP et al: Am f Orthod
79:359-372, 1981.)
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unnatural for monkeys, who will die if the nasal passages
are obstructed abruptly. To carry out the experiments, it
was necessary to gradually obstruct their noses, giving the
animals a chance to learn how to survive as mouth
breathers. Total nasal obstruction is also extremely rare in
humans.

There are only a few well-documented cases of facial
growth in children with long-term total nasal obstruction,
but it appears that under these circumstances the growth
pattern is altered in the way one would predict (Figure 5-39).
Because total nasal obstruction in humans is so rare, the im-
portant clinical question is whether partial nasal obstruc-
tion, of the type that occurs occasionally for a short time in
everyone and chronically in some children, can lead to mal-
occlusion; or more precisely, how close to total obstruction
does partial obstruction have to come before it is clinically
significant?

The question is difficult to answer, primarily because
it is difficult to know what the pattern of respiration really
is at any given time in humans. Observers tend to equate
lip separation at rest with mouth breathing (see Figure
5-36), but this is simply not correct. It is perfectly possi-
ble for an individual to breathe through the nose while the
lips are apart. To do this, it is only necessary to seal off the
mouth by placing the tongue against the palate. Since

FIGURE 5-39

	

Cephalometric superimposition showing the
effect of total nasal obstruction produced by a pharyngeal flap op-
eration (for cleft palate speech) that sealed off the nose posteri-
orly. From age 12 (black) to 16 (red), the mandible rotated down-
ward and backward as the patient experienced considerable
growth. (Redrawn from McNamara JA: Influences of respiratory
pattern on craniofacial growth, Angle Orthod 51:269-300, 1981.)

some lip separation at rest (lip incompetence) is normal
in children, many children who appear to be mouth
breathers may not be.

Simple clinical tests for mouth breathing can also be
misleading. The highly vascular nasal mucosa undergoes
cycles of engorgement with blood and shrinkage. The cy
cles alternate between the two nostrils: when one is clear,
the other is usually somewhat obstructed. For this reason,
clinical tests to determine whether the patient can breathe
freely through both nostrils nearly always show that one is
at least partially blocked. One partially obstructed nostril
should not be interpreted as a problem with normal nasal
breathing.

The only reliable way to quantify the extent of mouth
breathing is to establish how much of the total airflow goes
through the nose and how much through the mouth, which
requires special instrumentation to simultaneously mea-
sure nasal and oral airflow. This allows the percentage of
nasal or oral respiration (nasal/oral ratio) to be calculated,
for the length of time the subject can tolerate being con-
tinuously monitored. It seems obvious that a certain per-
centage of oral respiration, maintained for a certain per-
centage of the time, should be the definition of significant
mouth breathing, but despite years of effort such a defini-
tion has not been produced.

The best current experimental data for the relationship
between malocclusion and mouth breathing are derived
from studies of the nasal/oral ratio in normal versus long
face children. 46 The relationship is not nearly as clear-cut
as theory might predict. It is useful to represent the data as
in Figure 5-40, which shows that both normal and long-
face children are likely to be predominantly nasal breathers
under laboratory conditions. A minority of the long-face
children had less than 40% nasal breathing, while none of
the normal children had such low nasal percentages. When
adult long-face patients are examined, the findings are
similar: the number with evidence of nasal obstruction is
increased in comparison to a normal population, but the
majority are not mouth breathers in the sense of predomi-
nantly oral respiration.

It seems reasonable to presume that children who re-
quire adenoidectomy and/or tonsillectomy for medical
purposes, or those diagnosed as having chronic nasal al
lergies, would have some degree of nasal obstruction
(although it must be kept in mind that this has not been
documented). Allergic children tend to have increased
anterior face height and the increased overjet/decreased
overbite that accompanies it. 47 Studies of Swedish chil-
dren who underwent adenoidectomy showed that on the
average, children in the adenoidectomy group had a sig-
nificantly longer anterior face height than control
children (Figure 5-41). They also had a tendency toward
maxillary constriction and more upright incisors. 48 Fur-
thermore, when children in the adenoidectomy group
were followed after their treatment, they tended to re-
turn toward the mean of the control group, though the
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FIGURE 5-40

	

Comparison of the percentage of nasal respiration in long-face versus normal-face
adolescents. About a third of the long-face group have less than 50% nasal respiration, whereas none of
the normal-face group have such a low nasal percentage. But most of the long-face group are predomi-
nantly nasal breathers. The data suggest that impaired nasal respiration may contribute to the develop-
ment of the long-face condition but is not the sole or even the major cause. (Data redrawn from Fields
HW, Warren DW, Black BK, Phillips C: Relationship between vertical dentofacial morphology and
respiration in adolescents, Am.f Orthod Dentofac Orthop 99:147-154, 1991.)

FIGURE 5-41

	

Average cephalometric tracings for a group of
Swedish children requiring adenoidectomy for medical purposes,
compared with a group of normal controls. The adenoidectomy
group had statistically significantly greater anterior face height
and steeper mandibular plane angles than the controls, but the
differences were quantitatively not large. (From Linder-Aronson
S: Acta Otolaryngol Scand [suppl 265], 1970.)

differences persisted (Figure 5-42). Similar differences
from normal control groups were seen in other groups re-
quiring adenoidectomy and/or tonsillectomy. 49

Although the differences between normal children
and those in the allergy or adenoidectomy groups were
statistically significant and undoubtedly real, they were
not large. Face height on the average was about 3 mm
greater in the adenoidectomy group. Earlier English
workers indicated that the percentage of children with var-
ious malocclusions was about the same in a group being
seen in an ear, nose, and throat clinic as in controls with-
out respiratory problems. 50

It appears therefore that research to this point on res-
piration has established two opposing principles, leaving a
large gray area between them: (1) total nasal obstruction is
highly likely to alter the pattern of growth and lead to mal-
occlusion in experimental animals and humans, and indi-
viduals with a high percentage of oral respiration are over-
represented in the long-face population; but (2) the majority
of individuals with the long-face pattern of deformity have
no evidence of nasal obstruction and must therefore have
some other etiologic factor as the principal cause. Perhaps
the alterations in posture associated with partial nasal ob-
struction and moderate increases in the percentage of oral
respiration are not great enough by themselves to create a
severe malocclusion. Mouth breathing, in short, may con-
tribute to the development of orthodontic problems but is
difficult to indict as a frequent etiologic agent.

It is interesting to consider the other side of this rela-
tionship: can malocclusion sometimes cause respiratory
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FIGURE 5-42

	

Comparison of mandibular plane angles in a
group of postadenoidectomy children compared with normal
controls. Note that the differences existing at the time of ade-
noidectomy decreased in size but did not totally disappear. (From
Linder-Aronson S: In Cook JT (editor): Transactions of the Third
International Orthodontic Congress, St Louis, 1975, Mosby.)

obstruction? Sleep apnea has been recognized recently as
a more frequent problem than had been appreciated, and
it is apparent that mandibular deficiency can contribute
to its development. Its etiology, however, is by no
means determined just by orofacial morphology-obesity,
age/gender, and cephalometric characteristics seem to be
important, in that order. 52

ETIOLOGY IN CONTEMPORARY
PERSPECTIVE

Changing Views of Etiologic Possibilities
Part of the philosophy of the early orthodontists was their
belief in the perfectibility of man. Edward Angle and his
contemporaries, influenced by the romanticized view of
primitive peoples commonly held 100 years ago, took it for
granted that malocclusion was a disease of civilization and
blamed it on improper function of the jaws under the "de-
generate" modern conditions. Changing jaw function in
order to produce proper growth and change facial propor-
tions was an important goal of treatment-which unfortu-
nately proved difficult to achieve.

Classical (Mendelian) genetics developed rapidly in the
first part of the twentieth century, and a different view of
malocclusion gradually replaced the earlier one. This new
view was that malocclusion is primarily the result of inher-
ited dentofacial proportions, which may be altered some-
what by developmental variations, trauma, or altered func-
tion, but which are basically established at conception. If
that were true, the possibilities for orthodontic treatment
also would be rather limited. The orthodontist's role would
be to adapt the dentition to the existing facial structures,
with little hope of producing underlying changes.

In the 1980s, there was a strong swing back toward the
earlier view, as the failure of heredity to explain most vari-

ation in occlusion and jaw proportions was appreciated and
as the new theories of growth control indicated how envi-
ronmental influences could operate by altering posture.
The earlier concept that jaw function is related to the de-
velopment of malocclusion was revived and strengthened,
both by the evidence against simple inheritance and by a
more optimistic view of the extent to which the human
skeleton can be altered. Clinical applications, some already
recognized as unfortunate, reflected extreme optimism
about arch expansion and growth modification.

As the 21st century begins, a more balanced view seems
to be emerging. Contemporary research has refuted the
simplistic picture of malocclusion as resulting from inde
pendent inheritance of dental and facial characteristics, but
the research findings consistently have shown also that
there are no simple explanations for malocclusion in terms
of oral function. Mouth breathing, tongue thrusting, soft
diet, sleeping posture-none can be regarded as the sole or
even the major reason for most malocclusions. Along the
same lines, it is fair to say that the research has not yet clar-
ified the precise role of heredity as an etiologic agent for
malocclusion. The relatively high heritability of craniofa-
cial dimensions and the relatively low heritability of dental
arch variations now has been established, but exactly how
this relates to the etiologic process of malocclusions that
have both skeletal and dental components remains un-
known. Conclusions about the etiology of most orthodon-
tic problems are difficult, because several interacting fac-
tors probably played a role.

The following summary discussion is an attempt to
synthesize present knowledge into a contemporary over-
view and is offered in full awareness that the facts do not yet
allow definite conclusions.

Etiology of Crowding and Malalignment
Crowding of the teeth, the most common type of maloc-
clusion at present, undoubtedly is related in part to the
continuing reduction in jaw and tooth size in human evo-
lutionary development, but that cannot be a major factor in
the increased crowding of quite recent years. Increased
outbreeding can explain at least part of the increase in
crowding in recent centuries. The additive effects on mal-
occlusion seen in the Hawaiian studies indicate how out-
breeding could lead to an increased prevalence of maloc-
clusion even if independent inheritance of dentofacial
characteristics did not occur. Jaw dimensions do seem to
have a strong genetic control, and the transverse dimen-
sions directly affect the amount of space for the teeth.

Environmental factors must have played some role in
the recent increase in crowding of the dental arches, how-
ever, and it is not clear what these are. There is no theo
retical explanation of how a coarser diet and more power-
ful jaw function could significantly alter the dimensions of
the dental arches. Perhaps the relatively recent alterations
in diet, which without question have reduced the func-
tional demands on the jaws, have accelerated the trend
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toward reduction in jaw size that was already occurring.
Mouth breathing might conceivably contribute to crowd-
ing by altering the tongue-lip/cheek equilibrium as the
mandible rotated down and back but obviously is not a
major cause.

The judgment that inherited characteristics contribute
to crowding is an important one in planning orthodontic
therapy, for it implies that a significant number of patients
will continue to require extractions to provide space for
aligning the remaining teeth. Physical therapy to make the
dental apparatus grow larger seems an unlikely alternative.
In the era when all malocclusions were attributed to a de-
generate environment, extraction of teeth was never rec-
ommended, and orthodontic expansion was the routine
treatment. At the height of enthusiasm for inherited char-
acteristics as determinants of malocclusion, the majority of
patients were treated with extractions. In contemporary
perspective, the truth-and the extraction percentage-is
somewhere in between.

Other types of Class I (nonskeletal) problems-cross-
bites, individual tooth malalignments-appear to arise
from an interaction between the initial position of tooth
buds and the pressure environment that guides eruption of
the teeth. Forces from the lips, cheek, tongue, fingers, or
other objects can influence tooth position, both vertically
and horizontally, if the pressures are maintained for a long
enough time. A small increment of continuous pressure can
be quite effective in displacing teeth. Any individual tooth
or all teeth in a section of the arch can be displaced buccally
or lingually, or caused to erupt more or less than might oth-
erwise have been the case. The conclusion is, therefore,
that minor Class I problems, especially nonskeletal cross-
bites, often are caused primarily by alterations in function.
Major problems usually have an additional genetic or de-
velopmental component.

Etiology of Skeletal Problems
Skeletal orthodontic problems, those resulting from mal-
positions or malformations of the jaws rather than just from
irregularity of the teeth, can arise from a number of causes.
Inherited patterns, defects in embryologic development,
trauma, and functional influences can and apparently do
contribute. Specific genetic syndromes or congenital de-
fects involving the jaws are rare, as are malocclusions
caused primarily by trauma. The fact that ideal occlusion
does not necessarily occur in primitive populations sug-
gests that variations from an idealized occlusal scheme are
quite compatible with normal function. Perhaps greater
variations in the jaws are tolerated now, with the change in
diet, than were once compatible with long-term survival
and reproductive success.

It seems reasonable to view the majority of moderate
skeletal malocclusions as being the result of an inherited
pattern which, although not consonant with our concept
of ideal occlusion, is compatible with acceptable function.

Fifteen percent to 20% of the contemporary U.S. and
northern European population have a Class II malocclu-
sion, and it is likely that for most of these individuals, there
is an inherited tendency toward retrognathic facial pro-
portions. Only a few Class II malocclusions are caused by
some specific interference with growth, and there is little
reason to believe that any significant number are the result
of functional causes alone-which is not to say that func-
tional alterations in equilibrium cannot accentuate Class II
tendencies when they are present. The more severe cases
probably fall into this category of inherited tendencies
made worse by environmental effects.

There is a definite familial and racial tendency to
mandibular prognathism. Excessive mandibular growth
could arise because of mandibular posture, since constant
distraction of the mandibular condyle from the fossa may
be a stimulus to growth. Functional mandibular shifts affect
only tooth position, but constant posturing because of res-
piratory needs, tongue size or pharyngeal dimensions may
affect the size of the jaw. In the final analysis it may not
matter whether the inherited tendency is for a large
mandible primarily, or for a large tongue or other charac-
teristics that lead secondarily to a large mandible. Why
maxillary deficiency occurs is almost entirely unknown, but
a simple environmental cause appears unlikely, and like
Class II problems, the majority of Class III problems are
related to inherited jaw proportions.

Altered function has traditionally been associated
with vertical growth problems, especially anterior open
bite. A child with an anterior open bite of moderate sever
ity should be presumed to have a sucking habit until
proved otherwise. Open bite also may be related to
tongue posture, although not to tongue activity during
swallowing. The postural changes dictated by partial nasal
obstruction may also play a role. Excessive eruption of
posterior teeth predisposes any individual to anterior
open bite, and downward posturing of the mandible and
tongue can allow excessive posterior eruption. However,
vertical jaw proportions are inherited just as are antero-
posterior proportions, with very similar heritability Ante-
rior open bite is much more common in blacks than
whites, whereas deep bite is much more common in whites
(see Chapter 1). It seems reasonably clear that this reflects
a different inherent facial morphology rather than envi-
ronmental influences. Perhaps posture and the associated
equilibrium effects interact with inherited jaw proportions
to produce open bite or deep bite in some individuals.

A final word on etiology: whatever the malocclusion, it
is nearly always stable after growth has been completed. If
an orthodontic problem is corrected in adult life, which can
be difficult because so much of treatment depends on
growth, a surprising amount of change is also stable. The
etiologic agents, in other words, are usually no longer pre-
sent when growth is completed. Malocclusion, after all, is a
developmental problem.
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DIAGNOSIS AND
TREATMENT PLANNING

T he process of orthodontic diagnosis and treatment planning lends itself well to the
problem-oriented approach. Diagnosis in orthodontics, as in other disciplines of dentistry

and medicine, requires the collection of an adequate database of information about the pa-
tient and the distillation from that database of a comprehensive but clearly stated list of the
patient's problems. It is important to recognize that both the patient's perceptions and the
doctor's observations are needed in formulating the problem list. Then the task of treatment
planning is to synthesize the possible solutions to these specific problems (often there are
many possibilities) into a specific treatment strategy that would provide maximum benefit for
this particular patient.

Keep in mind that diagnosis and treatment planning, though part of the same process,
are different procedures with fundamentally different goals. In the development of a data-
base and formulation of a problem list, the goal is truth-the goal of scientific inquiry. At this
stage there is no room for opinion or judgment. Instead, a totally factual appraisal of the sit-
uation is required. On the other hand, the goal of treatment planning is not scientific truth,
but wisdom-the plan that a wise and prudent clinician would follow to maximize benefit for
the patient. For this reason, treatment planning inevitably is something of an art form.
Diagnosis must be done scientifically; for all practical purposes, treatment planning cannot
be science alone. Judgment by the clinician is required as problems are prioritized and as al-
ternative treatment possibilities are evaluated. Wise treatment choices, of course, are facili-
tated if no significant points have been overlooked previously and if it is realized that treat-
ment planning is an interactive process, requiring that the patient be given a role in the
decision-making process.

We recommend carrying out diagnosis and treatment planning in a series of logical
steps. The first two steps constitute diagnosis:

1. Development of an adequate diagnostic database
2. Formulation of a problem list-the diagnosis-from the database. Both pathologic

and developmental problems may be present. If so, pathologic problems should be
separated from the developmental ones so that they can receive priority for treat-
ment-not because they are more important but because pathologic processes must
be under control before treatment of developmental problems begins. The diagnos-
tic process is outlined in detail in Chapter 6.

Once a patient's orthodontic problems have been identified and prioritized, four issues
must be faced in determining the optimal treatment plan: (1) the timing of treatment, (2) the
complexity of the treatment that would be required, (3) the predictability of success with a

SECTION



146

	

SECTION 111

	

Diagnosis and Treatment Planning

given treatment approach, and (4) the patient's (and par-
ents') goals and desires. Considering these briefly in turn:

Orthodontic treatment can be carried out at any time
during a patient's life and can be aimed at a specific problem
or be comprehensive. Usually it is comprehensive (i.e., with
a goal of the best possible occlusion, facial esthetics, and
stability) and is done in adolescence, as the last permanent
teeth are erupting. There are good reasons for this choice.
At this point, for most patients there is sufficient growth
remaining to potentially improve jaw relationships, and all
permanent teeth including the second molars can be con-
trolled and placed in a more or less final position. From a
psychosocial point of view, patients in this age group often
are reaching the point of self-motivation for treatment,
which is evident in their improved ability to cooperate dur-
ing appointments and in appliance and oral hygiene care. A
reasonably short course of treatment in early adolescence,
as opposed to two stages of early and later treatment, fits
well within the cooperative potential of patients and fami-
lies. Even though not all patients respond well to treatment
during adolescence, treatment at this time remains the
"gold standard" against which other approaches must be
measured. For a child with obvious malocclusion, does it
really make sense to start treatment early in the preadoles-
cent years? Obviously, that will depend on the specific
problems. Issues in the timing of treatment are reviewed in
detail in Chapter 8.

The complexity of the treatment that would be re-
quired affects treatment planning especially in the context
of who should do the treatment. In orthodontics as in all
areas of dentistry, it makes sense that the less complex
cases would be selected for treatment in general or family
practice, while the more complex cases would be referred
to a specialist. The only difference in orthodontics is that
traditionally the family practitioner has referred a larger
number of orthodontic cases. In family practice, an im-
portant issue is how you rationally select patients for
treatment or referral. Chapter 7 includes a formal scheme
for separating patients most appropriate for treatment in
family practice from those more likely to require complex
treatment.

The third special issue is the predictability of treat-
ment with any particular method. If alternative methods
of treatment are available-as usually is the case-which
one should be chosen? Data gradually are accumulating
to allow choices to be based on evidence of outcomes
rather than anecdotal reports and the claims of advocates
of particular approaches. Existing data for treatment out-
comes, as a basis for deciding what the best treatment ap-
proach might be, are emphasized in Chapter 8.

Finally, treatment planning must be an interactive
process. No longer can the doctor decide, in a paternalistic
way, what is best for a patient. Both ethically and practi
cally, patients must be involved in the decision-making
process. Ethically, patients have the right to control what
happens to them in treatment-treatment is something
done for them, not to them. Practically, the patient's com-
pliance is likely to be a critical issue in success or failure,
and there is little reason to select a mode of treatment that
the patient would not support. Informed consent, in its
modern form, requires the involvement of the patient in
the treatment planning process. This is emphasized in the
procedure for presenting treatment recommendations to
patients in Chapter 7.

The logical sequence for treatment planning, with
these issues in mind, is:

1. Prioritization of the items on the orthodontic prob-
lem list, so that the most important problem re-
ceives highest priority for treatment

2. Consideration of possible solutions to each
problem, with each problem evaluated for the
moment as if it were the only problem the pa-
tient had

3. Evaluation of the interactions among possible solu-
tions to the individual problems

4. Development of alternative treatment approaches,
with consideration of benefits to the patient vs.
risks, costs, and complexity

5. Determination of a final treatment concept, with
input from the patient and parent, and selection of
the specific therapeutic approach (appliance design,
mechanotherapy) to be used.
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This process culminates with a level of patient-parent
understanding of the treatment plan that provides in-
formed consent to treatment. In most instances, after all,
orthodontic treatment is elective rather than required.
Rarely is there a significant health risk from no treatment,
so functional and esthetic benefits must be compared to
risks and costs. Interaction with the patient is required to
develop the plan in this way.

This diagnosis and treatment planning sequence is
illustrated diagrammatically in the figure above.

The chapters of this section address both the impor-
tant issues and the procedures of orthodontic diagnosis
and treatment planning. Chapter 6 focuses on the diag
nostic database and the steps in developing a problem

list. Chapter 7 addresses the issues of timing and com-
plexity, reviews the principles of treatment planning and
evaluates treatment possibilities for preadolescent, ado-
lescent and adult patients. Chapters 6 and 7 provide an
overview of orthodontic diagnosis and treatment plan-
ning that every dentist needs. Chapter 8 goes into greater
depth relative to decisions that often are made in spe-
cialty practice. In it, we examine the quality of evidence
on which clinical decisions are based, discuss controver-
sial areas in current treatment planning with the goal of
providing a consensus judgment to the extent this is pos-
sible, and outline treatment for patients with special
problems related to injury or congenital problems like
cleft lip and palate.
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THE PROBLEM-ORIENTED APPROACH

In diagnosis, whether in orthodontics or other areas of den-
tistry or medicine, it is important not to concentrate so
closely on one aspect of the patient's overall condition that
other significant problems are overlooked. In a medical
context, if a patient has an acute infection, it nevertheless is
important to detect that he or she is also suffering from
diabetes. In an orthodontic context, it is important not to
characterize the dental occlusion while overlooking a jaw
discrepancy, developmental syndrome, periodontal prob-

lem, or systemic disease. The natural bias of any specialist
(and one does not have to be a dental specialist to already
take a very specialized point of view) is to characterize
problems in terms of his or her own special interest. This
bias must be recognized and consciously resisted. Diagno-
sis, in short, must be comprehensive, not focused only on a
single aspect of what in many instances can be a complex
situation. Orthodontic diagnosis requires a broad overview
of the patient's situation.

The problem-oriented approach to diagnosis and
treatment planning has been widely advocated in medi-
cine and dentistry as a way to overcome the tendency to
concentrate on only one part of a patient's problem. The
essence of the problem-oriented approach is the develop-
ment of a comprehensive database of pertinent informa-
tion so that no problems will be overlooked. From this
database, the list of problems that is the diagnosis is ab-
stracted.

For orthodontic purposes, the database may be
thought of as derived from three major sources: (1) patient
questioning, (2) clinical examination of the patient, and
(3) evaluation of diagnostic records, including dental casts,
radiographs, and photographs. Since all possible diagnostic
records will not be obtained for all patients, one of the goals
of clinical examination is to determine what additional in-
formation is required. The steps in assembling an adequate
database are presented below in sequence. A discussion of
which diagnostic records are needed is included.

At all stages of the diagnostic evaluation, a specialist
may seek more detailed information than would a general-
ist, and in fact this is a major reason for referring a patient
to a specialist. The specialist is particularly likely to obtain
more extensive diagnostic records, which may not be read-
ily available to a generalist. In orthodontics, cephalomet-
ric radiographs are an example. Nevertheless, the basic
approach is the same. A competent generalist will follow
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the same sequence of steps in evaluating a patient, as well
as in planning treatment, if he or she will provide that
aspect of the patient's care.

In the material that follows, the minimum examination
that any generalist should employ for any patient with an
orthodontic problem is indicated, and then supplemental
information likely to be needed by specialists is discussed.
Because direct input into computers is rapidly replacing
traditional written chart entries, the information is orga-
nized as it might be for computer entry, and illustrations of
computer screens (which also could be printed pages) are
shown in several instances.

FIGURE 6-1

	

"Why are you here" and "Why now" are important questions at the initial orthodontic
interview. A form of this type that patients or parents fill out in advance can be very helpful in determin-
ing what they really want. (Adapted from Dr. Alan Bloore.)

QUESTIONNAIRE/INTERVIEW

The first step in the interview process should be to estab-
lish the patient's chief complaint, usually by a direct ques-
tion to the patient or parent. In orthodontic specialty prac-
tice, it can be quite helpful to use a form to begin the
process of finding out exactly why this particular patient
has sought consultation, especially if facial esthetics may be
a concern (Figure 6-1). Further information should be
sought in three major areas: (1) medical and dental history,
(2) physical growth status, and (3) motivation, expectations,
and other sociobehavioral factors.
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Chief Complaint
There are two logical reasons for patient concern about the
alignment and occlusion of the teeth: impaired dentofacial
esthetics that can lead to psychosocial problems and im-
paired function. It is important to establish their relative
importance to the patient. The dentist should not assume
that esthetics is the patient's major concern just because
the teeth appear unesthetic. Nor should the dentist focus
on the functional implications of, for instance, a crossbite
with a lateral shift without appreciating the patient's con-
cern about what seems to be a trivial space between the
maxillary central incisors. A series of leading questions,
beginning with, "Tell me what bothers you about your face
or your teeth," may be necessary to clarify what is impor-
tant to the patient. The dentist may or may not agree with
the patient's assessment-that judgment comes later. At
this stage the objective is to find out what is important to
the patient.

Medical and Dental History
Orthodontic problems are almost always the culmination
of a developmental process, not the result of a pathologic
process. As the discussion in Chapter 5 illustrates, often it
is difficult to be certain of the etiologic process, but it is
important to establish the cause of malocclusion if this can
be done, and at least to rule out some of the possible causes.
A careful medical and dental history is needed for ortho-
dontic patients both to provide a proper background for
understanding the patient's overall situation and to evalu-
ate specific orthodontically related concerns.

The outline of an appropriate medical and dental his-
tory is presented in Figure 6-2. A number of the items are
annotated to explain their implications for an orthodontic
patient.

Two areas deserve a special comment. First, although
most children with condylar fractures recover unevent-
fully, remember that a growth deficit related to an old
condylar injury is the most probable cause of facial asym-
metry (Figure 6-3). It has become apparent in recent years
that early fractures of the condylar neck of the mandible
occur more frequently than was previously thought (see
Chapter 5). A mandibular fracture in a child often is over-
looked in the aftermath of an accident that caused other
trauma, so a jaw injury may not have been diagnosed at the
time. Although old jaw fractures have particular signifi-
cance, trauma to the teeth may also affect the development
of the occlusion and should not be overlooked.

Second, it is important to note whether the patient is on
long-term medication of any type, and if so, for what pur-
pose. This may reveal systemic disease or metabolic prob
lems that the patient did not report in any other way.
Chronic medical problems in adults or children do not con-
traindicate orthodontic treatment if the medical problem is
under control, but special precautions may be necessary if
orthodontic treatment is to be carried out. For example, or-

thodontic treatment would be possible in a patient with
controlled diabetes but would require especially careful
monitoring, since the periodontal breakdown to which
these individuals are susceptible might be accentuated by
orthodontic forces (see Chapter 8). In adults being treated
for arthritis or osteoporosis, high doses of prostaglandin in-
hibitors or resorption-inhibiting agents may impede ortho-
dontic tooth movement (see Chapter 10).

Physical Growth Evaluation
A second major area that should be explored by questions
to the patient or parents is the individual's physical growth
status. This is important for a number of reasons, not the
least of which is the gradient of facial growth discussed in
Chapters 2 to 4. Rapid growth during the adolescent
growth spurt facilitates tooth movement, but significant
growth modification may not be possible in a child who is
beyond the peak of the growth spurt.

Growth Charts. For normal youths who are ap-
proaching puberty, questions about how rapidly the child
has grown recently, whether clothes sizes have changed,
whether there are signs of sexual maturation, and when sex-
ual maturation occurred in older siblings usually provide
the necessary information about where the child is on the
growth curve. Valuable information can also be obtained
from clinical examination, particularly from observing the
stage of secondary sexual characteristics (see below). In
many instances, height-weight records and the child's
progress on standard growth charts (see Figures 2-4 and
2-5) can be obtained from the pediatrician. If a child is be-
ing followed for referral to an orthodontist at the optimum
time, or by an orthodontist for observation of growth be-
fore beginning treatment, recording height and weight
changes in the dental office provides important insight into
growth status. Occasionally, a more precise assessment of
whether a child has reached the adolescent growth spurt is
needed, and a radiograph of the hand and wrist to assess the
patient's stage of bone ossification can be helpful.

Hand-Wrist Radiographs.

	

Hand-wrist radiographs
have been used for the calculation of skeletal age for many
years (see Figure 3-46). The ossification and development
of the carpal bones of the wrist, the metacarpals of the
hands, and the phalanges of the fingers form a chronology
of skeletal development. A satisfactory hand-wrist radi-
ograph can be made utilizing a standard cephalometric cas-
sette and a dental x-ray or the cephalometric x-ray source.
In use, the overall pattern observed in the hand-wrist film
is compared with age standards in a reference atlas i to ob-
tain a skeletal age for the patient. In addition, the status of
certain specific landmarks such as the ulnar sesamoid or ha-
mate bones can be used to obtain an estimate of the timing
of the adolescent growth spurt.'

The primary indication for a hand-wrist film is a child
with a skeletal Class II problem whose chronologic age
suggests that adolescence should be well advanced, but who
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FIGURE 6-2

	

Form for obtaining medical/dental history for young orthodontic patients. A separate
but similar form is needed for adult patients. Annotated comments, explaining why some of the
questions are asked, are placed immediately below the form and are keyed by number to the question to
which they refer.
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FIGURE 6-2, cont'd
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FIGURE 6-3

	

Facial asymmetry developed in this boy after
fracture of the left mandibular condylar process at age 5, because
scarring in the fracture area prevented normal translation of the
mandible on that side during growth (see Chapter 2). Trauma is a
frequent cause of asymmetry of this type.

is somewhat immature sexually and who would benefit
from orthodontic treatment to modify growth if that were
possible (i.e, if the child had not yet reached the peak of the
adolescent growth spurt). If the hand-wrist film shows de-
layed skeletal development, the growth spurt probably still
is in the future; if the skeletal age indicates considerable
maturity, adolescent growth of the jaws probably has al-
ready occurred. Hand-wrist radiographs are less useful in
establishing other factors that sometimes are important
clinically, such as a patient's position on the growth curve
before or after puberty, or whether jaw growth has sub-
sided to adult levels in a teenager with mandibular prog-
nathism. Serial cephalometric radiographs offer the most
accurate way to determine whether growth has stopped or
is continuing.

Social and Behavioral Evaluation
Social and behavioral evaluation should explore several re-
lated areas: the patient's motivation for treatment, what he
or she expects as a result of treatment, and how cooperative
or uncooperative the patient is likely to be.

Motivation for seeking treatment can be classified as
external or internal. External motivation is that supplied
by pressure from another individual, as with a reluctant
child who is being brought for orthodontic treatment by
a determined mother or an older patient who is seeking
alignment of incisor teeth because her boyfriend (or his

girlfriend) wants the teeth to look better. Internal motiva-
tion, on the other hand, comes from within the individual
and is based on his or her own assessment of the situation
and desire for treatment. Even quite young children can
encounter difficulties in their interaction with others be-
cause of their dental and facial appearance, 3 which some-
times produces a strong internal desire for treatment.
Other children with apparently similar malocclusions
seem to perceive no problem, and therefore are less moti-
vated internally. 4 Older patients usually are aware of func-
tional or psychosocial difficulties related to their maloc-
clusion, and so are likely to have some component of
internal motivation. ''6

It is rare to find purely internal motivation, especially
in children who do many things because a dominant adult
requires it. Self-motivation for treatment often develops at
adolescence. Nevertheless, even in a child it is important
for a patient to have a component of internal motivation.
Cooperation is likely to be much better if the child gen-
uinely wants treatment for himself or herself, rather than
just putting up with it to please a parent. The child or adult
who feels that the treatment is being done for him will be a
much more receptive patient than one who views the treat-
ment as something being done to him. Often it is necessary
to follow up the questions, "Do you think you need
braces?" and "Why?" to establish what the motivation
really is. In doing this, of course, it is important to keep in
mind the psychosocial developmental stages described in
Chapter 2. Establishing motivation in a preadolescent
child, mid-adolescent teenager, and adult requires different
styles of communication.

What the patient expects from treatment is very much
related to the type of motivation and should be explored
carefully with adults, especially those with primarily cos
metic problems. If the incisor teeth are irregular, and it
turns out that the young adult expects social adjustment
problems to be solved after the teeth are straight, he or she
may be a poor risk for orthodontic treatment. It is one
thing to undertake to correct a diastema between the max-
illary incisors to improve the patient's appearance and den-
tal function, and something else to do this so the patient
will now experience greater social or job success. If the so-
cial problems continue after treatment, as is quite likely, the
orthodontic treatment may become a focus for resentment.

Cooperation is more likely to be a problem with a child
than an adult. Two factors are important in determining
this: (1) the extent to which the child sees the treatment as
a benefit, as opposed to something else he or she is required
to undergo; and (2) the degree of parental control. A re-
sentful and rebellious adolescent, particularly one with in-
effective parents, is especially likely to become a problem in
treatment. It is important to take the time to understand
what the patient perceives his or her problems to be, and if
necessary, to help the patient appreciate the reality of the
situation (see the final section of Chapter 2).
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FIGURE 6-5

	

Dehiscence of soft tissue around a lower incisor
after orthodontic alignment of the previously irregular teeth.
This is likely to occur when there is inadequate attached gingiva
and is much easier to prevent with a free gingival graft or other
periodontal therapy than to correct later.

FIGURE 6-4

	

The key points for investigation during the ini-
tial orthodontic interview.

The important points to be evaluated at the interview
of a prospective orthodontic patient are summarized in
Figure 6-4.

CLINICAL EVALUATION

There are two goals of the orthodontic clinical examina-
tion: (1) to evaluate and document oral health, jaw func-
tion, and facial esthetics; and (2) to decide which diagnos-
tic records are required.

Evaluation of Oral Health
The health of oral hard and soft tissues must be assessed for
potential orthodontic patients as for any other. The general
guideline is that any problems of disease or pathology must
be under control before orthodontic treatment of develop-
mental problems begins. This includes medical problems,
dental caries or pulpal pathology, and periodontal disease.

It sounds trivial to say that the dentist should not over-
look missing teeth-and yet almost every dentist, concen-
trating on details rather than the big picture, has done just
that on some occasion. It is particularly easy to fail to notice
a missing or supernumerary lower incisor. At some point in
the evaluation, count the teeth to be sure they are all there.

In the periodontal evaluation, there are two major
points of interest: indications of active periodontal disease
and potential or actual mucogingival problems. Any ortho
dontic examination should include gentle probing through
the gingival sulci, not to establish pocket depths but to de-
tect any areas of bleeding. Bleeding on probing indicates

active disease, which must be brought under control before
other treatment is undertaken. Inadequate attached gin-
giva around crowded incisors indicates the possibility of
tissue dehiscence developing when the teeth are aligned,
especially with nonextraction (arch expansion) treatment
(Figure 6-5). The interaction between periodontac and or-
thodontic treatment for both children and adults is dis-
cussed in Chapter 8.

Evaluation of Jaw and Occlusal Function
Three aspects of function require evaluation: mastication
(including but not limited to swallowing), speech and the
presence or absence of temporomandibular (TM) joint
problems. It is important to note in the beginning whether
the patient has normal coordination and movements. If
not, as in an individual with cerebral palsy or other types of
gross incoordination, normal adaptation to the changes in
tooth position produced by orthodontics may not occur,
and the equilibrium effects discussed in Chapter 5 may lead
to post-treatment relapse.

Patients with malocclusion often have difficulty in nor-
mal mastication. In severe cases patients often have learned
to avoid certain foods that are hard to incise and chew, and
cheek and lip biting may occur during mastication. More of-
ten, a greater degree of effort is required to allow the indi-
vidual to chew effectively. If asked, patients report such
problems and indicate that after orthodontic treatment they
can chew better. Unfortunately, there are almost no reason-
able diagnostic tests to evaluate function in this sense, so it is
difficult to be quantitative about the degree of masticatory
handicap and difficult to document functional improvement.
Swallowing is almost never affected by malocclusion. It has
been suggested that lip and tongue weakness may indicate
problems in normal swallowing, but there is no evidence to
support this contention (see Chapter 5). Measuring lip
strength or how hard the patient can push with the tongue
therefore adds little or nothing to the diagnostic evaluation.

Speech problems can be related to malocclusion, but
normal speech is possible in the presence of severe anatomic



CHAPTER 6

	

Orthodontic Diagnosis: The Development of a Problem List

	

155

TABLE 6-1

	

Speech Difficulties Related to Malocclusion

distortions. Speech difficulties in a child, therefore, are
unlikely to be solved by orthodontic treatment. Specific re-
lationships are outlined in Table 6-1. If a child has a speech
problem and the type of malocclusion related to it, a com-
bination of speech therapy and orthodontics may help. If
the speech problem is not listed as related to malocclusion,
orthodontic treatment may be valuable in its own right but
is unlikely to have any impact on speech.

Sleep disorders may be related to severe mandibular
deficiency, and occasionally this functional problem is the
reason for seeking orthodontic consultation. The relation
ship is discussed briefly in Chapter 5. Both the diagnosis
and management of sleep disorders requires an interdisci-
plinary team and should not be attempted independently in
a dental office setting.'

Jaw function is more than TM joint function, but eval-
uation of the TM joints is an important aspect of the diag-
nostic work-up. A form for recording routine clinical exam
ination of TM joint function is shown in Box 6-1. As a
general guideline, if the mandible moves normally, its
function is not severely impaired, and by the same token,
restricted movement usually indicates a functional prob-
lem. 9 For that reason, the most important single indicator
of joint function is the amount of maximum opening. Pal-
pating the muscles of mastication and TM joints should be

a routine part of any dental examination, and it is impor-
tant to note any signs of TM joint problems such as joint
pain, noise, or limitation of opening.

For orthodontic purposes, any lateral or anterior shifts
of the mandible on closure are of special interest. Because
the articular eminence is not well developed in children, it
can be quite difficult to find the sort of positive "centric re-
lation" position that can be determined in adults. Never-
theless, it is important to note whether the mandible shifts
laterally or anteriorly when a child closes. A child with an
apparent unilateral crossbite usually has a bilateral narrow-
ing of the maxillary arch, with a shift to the unilateral cross-
bite position. It is vitally important to verify this during the
clinical examination, or to rule out a shift and confirm a
true unilateral crossbite. Similarly, many children and
adults with a skeletal Class 11 relationship and an underly-
ing skeletal Class II jaw relationship will position the
mandible forward in a "Sunday bite," making the occlusion
look better than it really is. Sometimes an apparent Class
III relationship results from a forward shift to escape in-
cisor interferences in what is really an end-to-end relation-
ship (Figure 6-6). These patients are said to have pseudo-
Class III malocclusion.

Occlusal interferences with functional mandibular
movements, though of interest, are less important than
they would be if treatment to alter the occlusion were not
being contemplated. Balancing interferences, presence or
absence of canine protection in lateral excursions, and
other such factors take on greater significance if they are
still present when the occlusal changes produced by ortho-
dontic treatment are nearing completion.

Evaluation of Facial Proportions
The first step in evaluating facial proportions is to take a
good look at the patient, examining him or her for devel-
opmental characteristics and a general impression. With
faces as with everything else, looking too quickly at the de-
tails carries the risk of missing the big picture.

Assessment of Developmental Age. During the
examination of the face, in a step particularly important for
children around the age of puberty when most orthodontic
treatment is carried out, the patient's developmental age
should be assessed. Everyone becomes a more or less accu-
rate judge of other people's ages-we expect to come
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FIGURE 6-6

	

The anterior crossbite in this 10-year-old child (A) results largely from an ante-
rior shift of the mandible because of incisor interferences (B). This shift into anterior crossbite is
often referred to as a pseudo-Class III relationship because it frequently is not a reflection of a
true Class III jaw relationship.

within a year or two simply by observing the other per-
son's facial appearance. Occasionally, we are fooled, as
when we say that a 12-year-old girl looks 15, or a 15-year-
old boy looks 12. With adolescents, the judgment is of
physical maturity. This is valuable information when ortho-
dontic treatment is contemplated because the stage of
physical maturity correlates well with how much jaw
growth remains. Before sexual maturity, continuing growth
can be expected; after sexual maturity, much less growth
is anticipated.

The attainment of recognizable secondary sexual
characteristics for girls and boys and the correlation be-
tween stages of sexual maturation and facial growth are
discussed in Chapter 4, and are summarized in Table 6-2.
The degree of physical development is much more impor-
tant than chronologic age in determining how much
growth remains.

In some children, it is apparent that a discrepancy be-
tween chronologic and maturational age exists, but it is
not clear where on the developmental scale the child
should be placed. Remember that dental age often differs
from the other developmental ages, and so it can happen
that the stage of dental development is quite different from
chronologic age or the other developmental ages. In this
circumstance, as discussed above in the interview section
of this chapter, a hand-wrist radiograph can be used to
establish the child's skeletal age more clearly.

Facial Esthetics vs. Facial Proportions. Because a
major reason for orthodontic treatment is to overcome psy-
chosocial difficulties relating to facial and dental appear
ance, evaluating esthetics is an important part of the clini-
cal examination. Esthetics, unfortunately, is very much in
the eye of the beholder. It helps to recast the purpose of this
part of the clinical evaluation as an evaluation of facial pro-
portions, not esthetics per se. Distorted and asymmetric
facial features are a major contributor to facial esthetic
problems, whereas proportionate features are acceptable if
not always beautiful. An appropriate goal for the facial
examination therefore is to detect disproportions.

TABLE 6-2

	

Adolescent Growth Stages vs. Secondary Sexual

Characteristics
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Frontal Examination. The first step in analyzing
facial proportions is to examine the face in frontal view for
proportional widths of the eyes/nose/mouth (Figure 6-7)
and for bilateral symmetry (Figure 6-8). A small degree of
bilateral facial asymmetry exists in essentially all normal
individuals. This can be revealed most readily by compar-
ing the real full face photograph with composites consist-
ing of two right or two left sides (Figure 6-9). This "nor-
mal asymmetry" which usually results from a small size
difference between the two sides, should be distinguished
from a chin or nose that deviates to one side, which can
produce severe disproportion and esthetic problems (see
Figure 6-3). Similarly, mild deviations in vertical propor-
tions often occur but should be distinguished from dis-
proportionate shortness or length of the middle or lower
thirds of the face.

Prior to the advent of cephalometric radiography,
dentists and orthodontists often used anthropometric
measurements (i.e., measurements made directly during
the clinical examination) to help establish facial propor-
tions. Although this method was largely replaced by
cephalometric analysis, it still can be quite useful. Clinical
anthropometry (Figure 6-10) has undergone a revival re-
cently because of Farkas' studies of Canadians of northern
European origin,l0 which provided the data for Tables
6-3 and 6-4.

Note that some of the measurements in Table 6-3
could be made on a cephalometric film, but many could
not. When there are questions about facial proportions, it
is better to make the measurements clinically rather than
waiting for the cephalometric analysis, because soft-tissue
as well as hard-tissue distances can be important.

FIGURE 6-7

	

For ideal proportions from the frontal view,
the width of the base of the nose should be approximately the
same as the interinnercanthal distance (solid line), while the
width of the mouth should approximate the distance between
the irises (dotted line).

FIGURE 6-8

	

Facial symmetry in the frontal plane.

FIGURE 6-9

	

Composite photographs to indicate normal facial asymmetry. The true photograph is in
the center. On the right is a composite of the two right sides, while on the left is a composite of the two
left sides. This technique dramatically illustrates the difference in the two sides, which occurs normally.
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FIGURE 6-10

	

Facial measurements for anthropometric analysis are made with either bow calipers
(A) or straight calipers (B). C to E, Frequently-used facial anthropometric measurements (numbers are
keyed to Table 6-3).

The proportional relationship of height and width (the
facial index), more than the absolute value of either height
or width, establishes the overall facial type. A patient with
an anterior open bite and a large lower face height may or
may not have too long a lower face, depending on facial
width. The normal values for the facial index and other
proportions that may be clinically useful are shown in Table
6-4. Differences in facial types and body types obviously
must be taken into account when facial proportions are as-
sessed, and variations from the average ratios can be com-
patible with good facial esthetics. An important point, how-
ever, is to avoid treatment that would change the ratios in

the wrong direction-for example, treatment with inter-
arch elastics that could rotate the mandible downward in a
patient whose face already is too long for its width.

Another important point for the full face examination is
the relationship of the dental midline of each arch to the
skeletal midline of that jaw (i.e., the lower incisor midline
related to the midline of the mandible, and the upper incisor
midline related to the midline of the maxilla). Dental casts
will show the relationship of the midlines to each other if
the casts are trimmed to represent the occlusion but provide
no information about the dental-skeletal midlines. This
must be recorded during the clinical examination.
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FIGURE 6-11

	

Profile convexity or concavity results from a disproportion in the size of the jaws, but
does not by itself indicate which jaw is at fault. A convex facial profile (A) indicates a Class II jaw rela-
tionship, which can result from either a maxilla that projects too far forward or a mandible too far back.
A concave profile (C) indicates a Class III relationship, which can result from either a maxilla that is too
far back or a mandible that protrudes forward.

Profile Analysis.

	

A careful examination of the profile
yields the same information, though in less detail, as that
obtained from analysis of lateral cephalometric radi
ographs. For diagnostic purposes, particularly to separate
out patients with severe disproportions, careful clinical
evaluation is adequate. For this reason, the technique of fa-
cial profile analysis has sometimes been called the "poor
man's cephalometric analysis." This is a vital diagnostic
technique for all dentists. It must be mastered by all those
who will see patients for primary care in dentistry, not just
by orthodontists.

There are three goals of facial profile analysis, ap-
proached in three clear and distinct steps. These are:
1. Establishing whether the jaws are proportionately
positioned in the anteroposterior plane of space. This step
requires placing the patient in natural head position-
either sitting upright or standing, but not reclining in a
dental chair, and looking at a distant object. With the
head in this position, note the relationship between two
lines, one dropped from the bridge of the nose to the base
of the upper lip, and a second one extending from that
point downward to the chin (Figure 6-11). These line

TABLE 6-3

	

FacialAnthropometric Measurements (Young Adults) TABLE 6-4

	

FacialIndices (Young Adults)
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segments should form a nearly straight line. An angle be-
tween them indicates either profile convexity (upper jaw
prominent relative to chin) or profile concavity (upper jaw
behind chin). A convex profile therefore indicates a skele-
tal Class II jaw relationship, whereas a concave profile
indicates a skeletal Class III jaw relationship.

If the profile is approximately straight, it does not
matter whether it slopes either anteriorly (anterior diver-
gence) or posteriorly (posterior divergence) (Figure 6-12).
Divergence of the face (the term was coined by the emi-

nent orthodontist-anthropologist Milo Hellman 11) is
influenced by the patient's racial and ethnic background.
American Indians and Orientals, for example, tend to have
an anteriorly divergent face, whereas whites of northern
European ancestry are likely to be posteriorly divergent. A
straight profile line, regardless of whether the face is
divergent, does not indicate a problem. Convexity or
concavity does.
2. Evaluation of lip posture and incisor prominence.
Detecting excessive incisor protrusion (which is relatively

FIGURE 6-12

	

Divergence of the face is defined as an anterior or posterior inclination of the lower
face relative to the forehead. Divergence of a straight profile line does not indicate facial or dental dis-
proportions. To some extent, this is a racial and ethnic characteristic. It must be distinguished from the
profile convexity or concavity that does indicate disproportions. A, A girl of northern European descent
with a posteriorly divergent profile. She has only minimal overjet and no complaints about facial esthet-
ics. B, A woman of eastern European descent with a very straight profile, producing a strong chin but with
normal dental occlusion and acceptable facial esthetics. C, A woman of African descent with an anteriorly
divergent profile (which is not uncommon among both blacks and Orientals), again with normal occlu-
sion and acceptable esthetics. (B and C, From Proffit WR, White RP: Surgical-orthodontic treatment,

St Louis, 1991, Mosby.)
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common) or retrusion (which is rare) is important be-

cause of the effect on space within the dental arches. If the

incisors protrude, they align themselves on the arc of a

larger circle as they lean forward, whereas if the incisors

are upright or retrusive, less space is available (Figure

6-13). In the extreme case, incisor protrusion can produce

ideal alignment of the teeth instead of severely crowded

incisors, at the expense of lips that protrude and are diffi-

cult to bring into function over the protruding teeth.

This is bimaxillary dentoalveolar protrusion, meaning sim-

ply that in both jaws the teeth protrude (Figure 6-14).

Dentists often refer to the condition as just bimaxillary

protrusion, a simpler term but a misnomer since it is not

the jaws but the teeth that protrude. (Physical anthropol-

ogists use bimaxillary protrusion to describe faces in

which both jaws are prominent relative to the cranium.

Such a face would have an anteriorly divergent profile if

jaw sizes were proportional.)

Determining how much incisor prominence is too

much can be difficult but is simplified by understanding

the relationship between lip posture and the position of

the incisors. The teeth protrude excessively if (and only

if) two conditions are met: (1) the lips are prominent and

everted, and (2) the lips are separated at rest by more than

3 to 4 mm (which is sometimes termed lip incompetence).

In other words, excessive protrusion of the incisors is re-

vealed by prominent lips that are separated when they are

relaxed, so that the patient must strain to bring the lips

together over the protruding teeth (Figure 6-15). For

such a patient, retracting the teeth tends to improve both

lip function and facial esthetics. On the other hand, if the

lips are prominent but close over the teeth without strain,

FIGURE 6-13

	

If the incisors flare forward, they can align
themselves along the arc of a larger circle, which provides more
space to accommodate the teeth and alleviates crowding. Con-
versely, if the incisors move lingually, there is less space, and
crowding becomes worse. For this reason, crowding and protru-
sion of incisors must be considered two aspects of the same thing:
how crowded and irregular the incisors are reflects both how
much room is available and where the incisors are positioned
relative to supporting bone.

the lip posture is largely independent of tooth position.

For that individual, retracting the incisor teeth would

have little effect on lip function and would produce little

or no change in lip prominence.

Like facial divergence, lip prominence is strongly in-

fluenced by racial and ethnic characteristics. Whites of

northern European backgrounds often have relatively thin

lips, with minimal lip and incisor prominence. Whites of

southern European and middle eastern origin normally

have more lip and incisor prominence than their northern

cousins. Greater degrees of lip and incisor prominence

normally occur in Orientals and in blacks. This difference

simply means that a degree of lip and incisor prominence

normal for many whites would be considered retrusive for

many Orientals or blacks, while a lip and tooth position

normal for blacks would be excessively protrusive for most

whites.

Lip posture and incisor prominence should be evalu-

ated by viewing the profile with the patient's lips relaxed.

This is done by relating the upper lip to a true vertical line

passing through the concavity at the base of the upper lip

(soft tissue point A) and by relating the lower lip to a simi-

lar true vertical line through the concavity between the

lower lip and chin (soft tissue point B) (see Figure 6-14). If

the lip is significantly forward from this line, it can be

FIGURE 6-14

	

Lip prominence is evaluated by observing the
distance that each lip projects forward from a true vertical line
through the depth of the concavity at its base (soft tissue points
A and B) (i.e., a different reference line is used for each lip, as
shown here). Lip prominence of more than 2 to 3 mm in the pres-
ence of lip incompetence (excessive separation of the lips at rest),

as in this girl, indicates dentoalveolar protrusion.
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FIGURE 6-15

	

Bimaxillary dentoalveolar protrusion is seen in the facial appearance in three ways:
A, excessive separation of the lips at rest (lip incompetence). The general guideline is that lip separation
at rest should be not more than 4 mm; B, excessive effort to bring the lips into closure (lip strain): and
C, prominence of lips in the profile view. Remember that all three characteristics must be present to make
the diagnosis of dental protrusion, not just the lip protrusion-different people have different degrees of
lip prominence, independent of tooth position.

FIGURE 6-16

	

Vertical facial proportions in the frontal and lateral views. The vertical height of the mid-
face, from the supraorbital ridges to the base of the nose, should equal the height of the lower face. Within
the lower face, the mouth should be about one third of the way between the base of the nose and the chin.

judged to be prominent; if the lip falls behind the line, it is
retrusive. If the lips are both prominent and incompetent
(separated by more than 3 to 4 mm), the anterior teeth are
excessively protrusive.

Note that this important information cannot be ob-
tained from measurements on cephalometric radiographs,
because it is not determined by the relationship of the teeth
to their supporting bone, but instead by soft tissue rela-
tionships that must be evaluated clinically.

3. Evaluation of vertical facial proportions and man-
dibular plane angle. Vertical proportions can be observed
during the full face examination but sometimes can be
seen more clearly in profile. A well-proportioned face can
be divided into vertical thirds as shown in Figure 6-16. In
the clinical examination, the inclination of the mandibu-
lar plane to the true horizontal should be noted. This is
important because a steep mandibular plane angle corre-
lates with long anterior facial vertical dimensions and
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TABLE 6-5

	

U.S. Public Health Service Guidelines: Dental
Radiographic Examination for Pathology

FIGURE 6-17

	

The mandibular plane angle can be visualized
clinically by placing a mirror handle or other instrument along
the border of the mandible. For this patient the mandibular plane
angle is normal, neither too steep nor too flat.

anterior open bite malocclusion, while a flat mandibular
plane angle correlates with short anterior facial height
and deep bite malocclusion. The mandibular plane is vi-
sualized readily by placing a finger or mirror handle along
the lower border (Figure 6-17).

Facial form analysis carried out this way takes only a
couple of minutes but provides information that simply is
not present from dental radiographs and casts. Such an eval
uation by the primary care practitioner is an essential part of
the evaluation of every prospective orthodontic patient.

Which Diagnostic Records Are Needed?
Orthodontic diagnostic records are taken for two purposes:
to document the starting point for treatment (after all, if
you don't know where you started, it's hard to tell where
you're going), and to add to the information gathered on
clinical examination. The records fall into three major
categories: those for (1) evaluation of the teeth and oral
structures, (2) evaluation of the occlusion, and (3) evalua-
tion of facial and jaw proportions. The (relatively rare) in-
dications for a hand-wrist radiograph to evaluate skeletal
age are discussed previously.

Records for Evaluation of the Teeth and Oral Struc-
tures. A major purpose of intraoral photographs, which
should be obtained routinely for patients receiving complex
orthodontic treatment, is to document the initial condition
of the hard and soft tissues. Five standard intraoral pho-
tographs are suggested: right, center, and left views with the

teeth in occlusion, and maxillary and mandibular occlusal
views (see Figure 6-58). Maximum retraction of the cheeks
and lips is needed. If there is a special soft-tissue problem
(e.g., no attached gingiva in the lower anterior), an additional
photograph of that area may be needed.

A panoramic intraoral radiograph is valuable for or-
thodontic evaluation at any age. The panoramic film has
two significant advantages over a series of intraoral radi
ographs: it yields a broader view and thus is more likely to
show any pathologic lesions and supernumerary or im-
pacted teeth, and the radiation exposure is much lower. It
also gives a view of the mandibular condyles, which can be
helpful, both in its own right and as a screening film to de-
termine if other TM joint radiographs are needed.

The panoramic film should be supplemented with pe-
riapical and bitewing radiographs only when their greater
detail is required. Current recommendations for dental ra
diographic screening for pathology are shown in Table 6-5.
In addition, for children and adolescents, periapical views
of incisors are indicated if there is evidence or suspicion of
root resorption. The principle is that periapical films to
supplement the panoramic radiograph are ordered only if
there is a specific indication for doing so.

Radiographs of the temporomandibular joint should
be reserved for patients who have symptoms of dysfunction
of that joint that may be related to internal joint pathology.
In that case, CT or MRI scans are likely to be more useful
than transcranial or laminagraphic TM joint films. Routine
TM joint radiographs simply are not indicated for ortho-
dontic patients. Imaging of the TM joint, and recommen-
dations for current practice, are covered in detail by a re-
cent review. 12

Records for Occlusal Evaluation.

	

Evaluation of the
occlusion requires impressions for dental casts or for digiti-
zation into computer memory and a record of the occlusion
so that the casts or images can be related to each other.
For orthodontic diagnosis, maximum displacement of soft
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tissues, created by maximum extension of the impression, is
desired. The inclination of the teeth, not just the location of
the crown, is important. If the impression is not well ex-
tended, important diagnostic information may be missing.

At the minimum, a wax bite or polysiloxane record of
the patient's usual interdigitation (centric occlusion) should
be made, and a check should be made to be sure that this
does not differ significantly from the retruded position. An
anterior shift of 1 to 2 mm from the retruded position is of
little consequence, but lateral shifts or anterior shifts of
greater magnitude should be noted carefully and a wax bite
in an approximate centric relation position should be made
for these patients. After the casts are poured, the wax bite
is used to trim them so that when the casts are placed on
their back, the teeth are in proper occlusion.

Dental casts for orthodontic purposes are usually
trimmed so that the bases are symmetric (Figure 6-18)
and then are polished. There are two reasons for doing
this: (1) If the casts are trimmed so that a symmetric base
is oriented to the midline of the palate, it is much easier
to analyze arch form and detect asymmetry within the
dental arches; (2) Neatly trimmed and polished models
are more acceptable for presentation to the patient, as will
be necessary during any consultation about orthodontic
treatment.

Whether it is necessary or even desirable to mount
casts on an articulator as part of an orthodontic diagnostic
evaluation is a matter of continuing debate. There are two

FIGURE 6-18 Orthodontic casts have traditionally been
trimmed with symmetric bases. The backs are trimmed perpen-
dicular to the midsagittal line, most easily visualized as the
midpalatal raphe for most patients. The angles shown for the casts
are suggested values; symmetry is more important than the pre-
cise angulation.

reasons for mounting casts on articulators. The first is to
record and document any discrepancy between the occlusal
relations at the initial contact of the teeth (centric relation
[CR]) and the relations at the patient's full or habitual oc-
clusion (centric occlusion, [CO]). The second is to record
the lateral and excursive paths of the mandible, document-
ing these and making the tooth relationships during excur-
sions more accessible for study.

Knowing the occlusal relationship in CR, when the
condyles are positioned "correctly," obviously is impor-
tant for orthodontic diagnostic purposes if there is a sig
nificant CR-CO difference. Unfortunately, there is no
current agreement as to what the "correct" CR position is,
though the "muscle-guided" position (the most superior
position to which a patient can bring the mandible using
his or her own musculature), seems most appropriate for
orthodontic purposes. It is now generally accepted that in
normal individuals this neuromuscular position is anterior
to the most retruded condylar position. 13 Lateral shifts or
large anterior shifts are not normal and should be
recorded. Articulator-mounted casts are one way, but not
the only way, to do that.

The second reason for mounting casts-to record the
excursive paths-is very important when restorative den-
tistry is being planned because the contours of the replace
ment or restored teeth must accommodate the path of
movement. This is less important when tooth positions and
jaw relationships will change during treatment.

The current consensus is that for preadolescent and
early adolescent patients (i.e., those who have not com-
pleted their adolescent growth spurt), there is little point in
an articulator mounting. In these young patients, the con-
tours of the TM joint are not fully developed, so that
condylar guidance is much less prominent than in adults.
The shape of the temporal fossa in an adult reflects func-
tion during growth. Thus until mature canine function is
reached and the chewing pattern changes from that of the
child to the normal adult, completion of the articular emi-
nence and the medial contours of the joint should not be
expected (see Chapter 3). In addition, the relationships
between the dentition and the joint that are recorded in
articulator mountings change rapidly while skeletal growth
is continuing and tend to be only of historic interest after
orthodontic treatment.

The situation is different when growth is complete or
largely complete. In adults with symptoms of temporo-
mandibular dysfunction (clicking, limitation of motion,
pain), articulator-mounted casts may be useful to document
significant discrepancies between habitual and relaxed
mandibular positions. These patients often need therapy to
reduce muscle spasm and splinting before the articulator
mounting is done. An articulator mounting may also be
needed for surgical treatment planning (see Chapter 22).

Records for Evaluation of Facial Proportions.

	

For
any orthodontic patient, facial and jaw proportions, not just
dental occlusal relationships, must be evaluated. This can
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be done by a careful clinical evaluation of the patient's face,
with a recording of positive findings, or by cephalometric
radiographs if indicated.

The clinical examination described above provides a
record of facial proportions in the form of judgments about
frontal and profile relationships. Facial photographs docu-
ment these findings.

Like all radiographic records, cephalometric films
should be taken only when they are indicated. Comprehen-
sive orthodontic treatment almost always requires a lateral
cephalometric film, because it is rare that jaw relationships
and incisor positions would not be altered during the treat-
ment, and the changes cannot be understood without
cephalometric superimpositions. It is irresponsible to un-
dertake growth modification treatment in a child without a
pretreatment lateral cephalometric film. For treatment of
minor problems in children, or for adjunctive treatment
procedures in adults, cephalometric radiographs usually are
not required, simply because jaw relationships and incisor
positions would not be changed significantly. The major in-
dication for a frontal (posteroanterior, not anteroposterior)
cephalometric film is facial asymmetry-routine posteroan-
terior cephalometric films are not recommended.

Minimal diagnostic records for any orthodontic pa-
tient consist of dental casts trimmed to represent the oc-

clusal relationship, a panoramic radiograph supplemented
with appropriate periapical radiographs, and data from fa-
cial form analysis. A lateral cephalometric film is needed
for all patients except those with minor or adjunctive treat-
ment needs.

ANALYSIS OF DIAGNOSTIC RECORDS

Comments on the analysis of intraoral radiographs appear
in the previous section on clinical evaluation, as does infor-
mation about intraoral and facial clinical findings that were
recorded photographically. In this section, the focus is on
evaluation of space and symmetry within the dental arches
by dental cast analysis and on cephalometric analysis of
dentofacial relationships.

Cast Analysis: Symmetry and Space
Symmetry.

	

An asymmetric position of an entire arch
should have been detected already in the facial/esthetic ex-
amination. An asymmetry of arch form also may be present
even if the face looks symmetric. A transparent ruled grid
placed over the upper dental arch and oriented to the mid-
palatal raphe can make it easier to see a distortion of arch
form (Figure 6-19).

FIGURE 6-19

	

Placing a transparent ruled grid over the dental cast so that the grid axis is in the
midline makes it easier to spot asymmetries in arch form (wider on the patient's left than right, in this
example) and in tooth position (molars drifted forward on the right).
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Asymmetry within the dental arch, but with symmetric
arch form, also can occur. It usually results either from lat-
eral drift of incisors or from drift of posterior teeth unilat
erally. The ruled grid also helps in seeing where drift of
teeth has occurred. Lateral drift of incisors occurs fre-
quently in patients with severe crowding, particularly if a
primary canine was lost prematurely on one side. This of-
ten results in one permanent canine being blocked out of
the arch while the other canine is nearly in its normal posi-
tion, with all the incisors shifted laterally. Drift of posterior
teeth is usually caused by early loss of a primary molar, but
sometimes develops even when primary teeth were exfoli-
ated on a normal schedule.

Alignment (Crowding): Space Analysis. It is im-
portant to quantify the amount of crowding within the
arches, because treatment varies depending on the severity
of the crowding. Space analysis, using the dental casts, is re-
quired for this purpose.

Principles of Space Analysis.

	

Since malaligned and
crowded teeth usually result from lack of space, this analy-
sis is primarily of space within the arches. Space analysis re
quires a comparison between the amount of space available
for the alignment of the teeth and the amount of space re-
quired to align them properly (Figure 6-20).

The analysis can be done either directly on the dental
casts or by computer after appropriate digitization of the
arch and tooth dimensions. The dental cast analysis is two
dimensional, and if a computer method is preferred, it is
easier and more practical to use an office copying machine
to obtain a two-dimensional image of the occlusal view of
the dental casts, then digitize from that. A readable and sur-
prisingly accurate image can be obtained by simply placing
the casts on the center of the copying machine, avoiding
the edges of its image area, where distortions often appear.

Whether the analysis is done manually or in the com-
puter, the first step in space analysis is calculation of space

available. This is accomplished by measuring arch perime-
ter from one first molar to the other, over the contact
points of posterior teeth and incisal edge of anteriors.
There are two basic ways to accomplish this: (1) by divid-
ing the dental arch into segments that can be measured as
straight line approximations of the arch (Figure 6-21), or
(2) by contouring a piece of wire (or a curved line on the
computer screen) to the line of occlusion and then straight-
ening it out for measurement. The first method is pre-
ferred for manual calculation because of its greater reliabil-
ity. Either method can be used with an appropriate
computer program.

The second step is to calculate the amount of space re-
quired for alignment of the teeth. This is done by measur-
ing the mesiodistal width of each tooth from contact point
to contact point, and then summing the widths of the in-
dividual teeth (Figure 6-22). If the sum of the widths of the
permanent teeth is greater than the amount of space avail-
able, there is an arch perimeter space deficiency and

FIGURE 6-21

	

Space available can be measured most easily by
dividing the dental arch into 4 straight line segments as shown.
Each segment is measured individually with a sharp-pointed mea-
suring instrument (dividers, as used in architectural drafting, are
best; a sharpened Boley gauge is acceptable).

FIGURE 6-20

	

A comparison of space available versus space
required establishes whether a deficiency of space within the arch
will ultimately lead to crowding, whether the correct amount of
room is available to accommodate the teeth, or whether excess
space will result in gaps between the teeth.

FIGURE 6-22

	

Space required is the sum of the mesiodistal
widths of all individual teeth, measured from contact point to
contact point.
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crowding would occur. If available space is larger than the
space required (excess space), gaps between some teeth
would be expected.

Space analysis carried out in this way is based on two
important assumptions: (1) the anteroposterior position of
the incisors is correct (i.e., the incisors are neither exces
sively protrusive nor retrusive), and (2) the space available
will not change because of growth. Neither assumption can
be taken for granted.

With regard to the first assumption, it must be remem-
bered that incisor protrusion is relatively common and that
retrusion, though uncommon, does occur. There is an in
teraction between crowding of the teeth and protrusion or
retrusion: if the incisors are positioned lingually (retruded),
this accentuates any crowding; but if the incisors protrude,
the potential crowding will be at least partially alleviated
(see Figure 6-13). Crowding and protrusion are really dif-
ferent aspects of the same phenomenon. In other words, if
there is not enough room to properly align the teeth, the re-
sult can be crowding, protrusion, or (most likely) some
combination of the two. For this reason, information about
how much the incisors protrude must be available from clin-
ical examination to evaluate the results of space analysis.
This information comes from facial form analysis (or from
cephalometric analysis if available).

The second assumption, that space available will not
change during growth, is valid for adults but may not be for
children. In a child with a well-proportioned face, there is
little or no tendency for the dentition to be displaced rela-
tive to the jaw during growth, but the teeth often shift an-
teriorly or posteriorly in a child with a jaw discrepancy. For
this reason, space analysis is less accurate and less useful for
children with skeletal problems (Class II, Class III, long
face, short face) than in those with good facial proportions.
This important topic is reviewed in detail in Chapter 4 (see
Figures 4-16 to 4-22 for illustrations of the interaction
between jaw growth pattern and the relationship of the
teeth to the jaw).

Even in children with well-proportioned faces, the
position of the permanent molars changes when primary
molars are replaced by the premolars (see Chapter 3 for a
detailed review). If space analysis is done in the mixed
dentition, it is necessary to adjust the space available mea-
surement to reflect the shift in molar position that can be
anticipated.

Mixed Dentition Space Analysis: Estimating the Size
of Unerupted Permanent Teeth. For space analysis in the
mixed dentition, it also is necessary to estimate the size of
the unerupted permanent teeth to calculate the space re-
quired. There are three basic approaches for doing this:
1. Measurement of the teeth on radiographs. This requires

an undistorted radiographic image, which is more easily
achieved with individual periapical films than with
panoramic films. Even with individual films, it is often
difficult to obtain an undistorted view of the canines,
and this inevitably reduces the accuracy. With any type

of radiograph, it is necessary to compensate for enlarge-
ment of the radiographic image. This can be done by
measuring an object that can be seen both in the radi-
ograph and on the casts, usually a primary molar tooth
(Figure 6-23). A simple proportional relationship can
then be set up:

Accuracy is fair to good depending on the quality of
the radiographs and their position in the arch. The
technique can be used in maxillary and mandibular
arches for all ethnic groups.

FIGURE 6-23

	

To correct for magnification in films, the same
object is measured on the cast and on the film, which will yield the
percentage of magnification. This ratio is used to correct for
magnification on unerupted teeth.
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TABLE 6-6

	

Moyers Prediction Values (75% level)

2. Estimation from proportionality tables. There is a reason-
ably good correlation between the size of the erupted per-
manent incisors and the unerupted canines and premolars.
These data have been tabulated for white American chil-
dren by Moyers (Table 6-6). To utilize the Moyers predic-
tion tables, the mesiodistal width of the lower incisors is
measured and this number is used to predict the size of
both the lower and upper unerupted canines and premo-
lars. The size of the lower incisors correlates better with
the size of the upper canines and premolars than does the
size of the upper incisors, because upper lateral incisors
are extremely variable teeth. Despite a tendency to over-
estimate the size of unerupted teeth, accuracy with this
method is fairly good for the northern European white
children on whose data it is based. No radiographs are re-
quired, and it can be used for the upper or lower arch.

Tanaka and Johnston developed another way to use
the width of the lower incisors to predict the size of
unerupted canines and premolars (Box 6-2). The method
has good accuracy despite a small bias toward overesti-
mating the unerupted tooth sizes. It requires neither ra-
diographs nor reference tables (once the method is
memorized), which makes it very convenient.

3. Combination of radiographic and prediction table meth-
ods. Since the major problem with using radiographic
images comes in evaluating the canine teeth, it would
seem reasonable to use the size of permanent incisors
measured from the dental casts and the size of unerupted
premolars measured from the films to predict the size of
unerupted canines. A graph developed by Staley and
Kerber from Iowa growth data (Figure 6-24) allows ca-
nine width to be read directly from the sum of incisor
and premolar widths. This method can be used only for
the mandibular arch and, of course, requires periapical
radiographs. For white children, it is quite accurate.

FIGURE 6-24 Graph showing relationship between size of
lower incisors measured from cast plus lower first and second
premolars measured from radiographs (x-axis) and size of canine
plus premolars (y-axis). (Redrawn from Staley RN, Kerber RE:
Aml Orthod 78:296-302, 1980.)

Which of these methods is best for an individual patient
depends on the circumstances. The prediction tables work
surprisingly well when applied to the population group
from which they were developed. The Moyers, Tanaka-
Johnston, and Staley-Kerber predictions are all based on
data from white school children of northern European de-
scent. If the patient fits this population group, the Staley-
Kerber method will give the best prediction, followed by
the Tanaka Johnston and Moyers approaches. These meth-
ods are superior to measurement from radiographs. On bal-
ance, the TanakaJohnston method probably is most practi-
cal because no radiographs are required and the simple
calculation can be printed right on the space analysis form,
so that no reference tables must be consulted.

On the other hand, if the patient does not fit the pop-
ulation group, as a black or Oriental would not, direct mea-
surement from the radiographs is the best approach. In ad
dition, if obvious anomalies in tooth size or form are seen
in the radiographs, the correlation methods (which assume
normal tooth size relationships) should not be used.

A contemporary form for mixed dentition space analy-
sis is shown in Figure 6-25. Note that: (1) a correction for
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FIGURE 6-25

	

Space analysis form.
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mesial movement of the lower molars following the
exchange of the dentition is included, (2) the Tanaka-
Johnston method for predicting the size of unerupted ca-
nines and premolars is used, and (3) the result from facial
form analysis is requested to check for appropriateness of
the entire method and for interpretation of the results.
This or a similar form can be completed easily and almost
automatically on a computer, after appropriate digitization
of the arch and tooth measurements.

Tooth Size Analysis.

	

For good occlusion, the teeth
must be proportional in size. If large upper teeth are com-
bined with small lower teeth, as in a denture setup with
mismatched sizes, there is no way to achieve ideal occlu-
sion. Although the natural teeth match very well in most
individuals, approximately 5 % of the population have some
degree of disproportion among the sizes of individual
teeth. This is defined as tooth size discrepancy. An anomaly in
the size of the upper lateral incisors is the most common
cause, but variation in premolars or other teeth may be pre-
sent. Occasionally, all the upper teeth will be too large or
too small to fit properly with the lower teeth.

Tooth size analysis, sometimes called Bolton analysis
after its developer, 14 is carried out by measuring the
mesiodistal width of each permanent tooth. A standard
table (Table 6-7) is then used to compare the summed
widths of the maxillary to the mandibular anterior teeth
and the total width of all upper to lower teeth (excluding
second and third molars). One advantage of digitizing
tooth dimensions for space analysis is that the computer
then can quickly provide a tooth size analysis.

A quick check for anterior tooth size discrepancy can
be done by comparing the size of upper and lower lateral
incisors. Unless the upper laterals are larger, a discrepancy
almost surely exists. A quick check for posterior tooth size

discrepancy is to compare the size of upper and lower sec-
ond premolars, which should be about equal size. A tooth
size discrepancy of less than 1.5 mm is rarely significant,
but larger discrepancies create treatment problems and
must be included in the orthodontic problem list.

Cephalometric Analysis
The introduction of radiographic cephalometrics in 1934
by Hofrath in Germany and Broadbent in the United
States provided both a research and a clinical tool for the
study of malocclusion and underlying skeletal dispropor-
tions (Figure 6-26). The original purpose of cephalomet-

TABLE 6-7

	

Tooth Size Relationships

FIGURE 6-26

	

Diagrammatic representation of the American standard cephalometric arrangement. By
convention, the distance from the x-ray source to the subject's midsagittal plane is 5 feet. The distance from the
midsagittal plane to the cassette can vary in many machines but must be the same for each patient every time.
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FIGURE 6-27

	

The functional components of the face, shown
superimposed on the anatomic drawing. The cranium and cranial
base (1), the skeletal maxilla and nasomaxillary complex (2), and the
skeletal mandible (3) are parts of the face that exist whether or not
there is a dentition. The maxillary teeth and alveolar process (4) and
the mandibular teeth and alveolar process () are independent func-
tional units, which can be displaced relative to the supporting bone
of the maxilla and mandible, respectively. The goal of cephalomet-
ric analysis is to establish the relationship of these functional com-
ponents in both the anteroposterior and vertical planes of space.

rics was research on growth patterns in the craniofacial

complex. The concepts of normal development presented
in Chapters 2 and 3 were largely derived from such
cephalometric studies.

It soon became clear, however, that cephalometric

films could be used to evaluate dentofacial proportions and

clarify the anatomic basis for a malocclusion. The ortho

dontist needs to know how the major functional compo-

nents of the face (cranial base, jaws, teeth) are related to

each other (Figure 6-27). Any malocclusion is the result of

an interaction between jaw position and the position the

teeth assume as they erupt, which is affected by the jaw re-

lationships (see Chapter 4 for a discussion of dental com-

pensation or adaptation). For this reason, two apparently
similar malocclusions as evaluated from the dental casts

may turn out to be quite different when evaluated more

completely, using cephalometric analysis to reveal differ-

ences in dentofacial proportions.

Another way that radiographic cephalometrics is use-

ful clinically is in recognizing and evaluating changes

brought about by orthodontic treatment. Serial cephalo

metric radiographs taken at intervals before, during, and

after treatment can be superimposed to study changes in

jaw and tooth positions retrospectively (Figure 6-28). The

observed changes result from a combination of growth and

FIGURE 6-28

	

The three major cephalometric superimpositions showing tracings of the same individual
at an earlier (black) and later (red) ti

me. A, Superimposition on the anterior cranial base along the SN line. This
superimposition shows the overall pattern of changes in the face, which result from a combination of growth
and orthodontic treatment in children receiving orthodontic therapy. Note in this patient that the lower jaw
grew downward and forward, while the upper jaw moved straight down. This allowed the correction of the
patient's Class Il malocclusion. B, Superimposition on the maxilla. This view shows changes of the maxillary
teeth relative to the maxilla. In this patient's case, minimal changes occurred, the most notable being a for-
ward movement of the upper first molar when the second primary molar was lost. C, Superimposition on the
mandible, specifically on the inner surface of the mandibular symphysis and the outline of the mandibular
canal and unerupted third molar crypts. This superimposition shows both changes of the mandible and
changes of the mandibular teeth relative to the mandible. Note that the mandibular ramus increased in length
posteriorly, while the condyle grew upward and backward. As would be expected, the mandibular molar teeth
moved forward as the transition from the mixed to the early permanent dentition occurred.
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treatment (except in nongrowing adults). It is all but im-
possible to know what is really occurring during treatment
of a growing patient without reviewing cephalometric
superimpositions, which is the reason that cephalometric
radiographs are required for comprehensive orthodontic
treatment of children and adolescents.

Cephalometric radiographs are not taken as a screen
for pathology, but the possibility of observing pathologic
changes on these films should not be overlooked. Occa
sionally, previously-unsuspected degenerative changes or
anomalies in the cervical spine are revealed in a cephalo-
metric radiograph (Figure 6-29; also see Chapter 22), and
sometimes other pathologic changes in the skull, jaws, or
cranial base can be observed. Is

For diagnostic purposes, the major use of radiographic
cephalometrics is in characterizing the patient's dental and
skeletal relationships. In this section, we focus on the use of
cephalometric analysis to compare a patient to his or her
peers, using population standards. The use of cephalomet-
ric predictions to estimate orthodontic and surgical treat-
ment effects is covered in Chapter 8.

Development of Cephalometric Analysis.

	

Cephalo-
metric analysis is commonly carried out, not on the radi-
ograph itself, but on a tracing or digital model that empha
sizes the relationship of selected points. In essence, the
tracing or model is used to reduce the amount of informa-
tion on the film to a manageable level. The common
cephalometric landmarks and a typical tracing are shown in
Figures 6-30 and 6-31.

Cephalometric landmarks can be represented as a series
of points whose coordinates are specified, making it possi-
ble to enter cephalometric data in a computer-compatible
format. There is an increasing trend to use computers to as-

FIGURE 6-29

	

Cephalometric radiographs of a woman with
rheumatoid arthritis who has degenerative changes in both the
condylar process of the mandible and the cervical spine. Note the
collapse of the upper cervical vertebrae. Cephalometric films
should be reviewed routinely for pathologic changes in the head
and neck.

sist in cephalometric analysis. The increasing power and de-
creasing cost of small computer systems suggest that com-
puter analysis may be routine in the near future. An ade-
quate digital model is required, which means that 50 to 100
landmark locations should be specified (Figure 6-32).

The principle of cephalometric analysis, however, is
not different when computers are used. The goal is to
compare the patient with a normal reference group, so that
differences between the patient's actual dentofacial rela-
tionships and those expected for his or her racial or ethnic
group are revealed. This type of cephalometric analysis was
first popularized after World War II in the form of the
Downs analysis, developed at the University of Illinois and
based on skeletal and facial proportions of a reference
group of 25 untreated adolescent whites selected because of
their ideal dental occlusions. 16

From the very beginning, the issue of how to establish
the normal reference standards was difficult. It seems ob-
vious that patients with severe cranial disproportions

FIGURE 6-30

	

Definitions of cephalometric landmarks (as
they would be seen in a dissected skull): Point A, the innermost
point on the contour of the premaxilla between anterior nasal
spine and the incisor tooth. ANS (anterior nasal spine), the tip of
the anterior nasal spine (sometimes modified as the point on the
upper or lower contour of the spine where it is 3 mm thick: see
Harvold analysis). Point B, the innermost point on the contour
of the mandible between the incisor tooth and the bony chin; Ba
(basion), the lowest point on the anterior margin of foramen
magnum, at the base of the clivus; Crn (gnathion), the center of the
inferior point on the mandibular symphysis (i.e., the bottom of
the chin); Na (nasion), the anterior point of the intersection
between the nasal and frontal bones; PNS (posterior nasal spine),
the tip of the posterior spine of the palatine bone, at the junction
of the hard and soft palates; Pog (Pogonion), the most anterior
point on the contour of the chin.
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FIGURE 6-31

	

Definitions of cephalometric landmarks (as seen in a lateral cephalometric tracing): 1. Bo
(Bolton point), the highest point in the upward curvature of the retrocondylar fossa of the occipital bone;
2. Ba (basion), the lowest point on the anterior margin of the foramen magnum, at the base of the clivus;
3. Ar (articular), the point of intersection between the shadow of the zygomatic arch and the posterior border
of the mandibular ramus; 4. Po (porion), the midpoint of the upper contour of the external auditory canal
(anatomic porion); or, the midpoint of the upper contour of the metal ear rod of the cephalometer (machine
porion); S. SO (sphenoccipital synchondrosis), the junction between the occipital and basisphenoid bones
(if wide, the upper margin); 6. S (sella), the midpoint of the cavity of sella turcica; 7. Ptm (pterygomaxillary
fissure), the point at the base of the fissure where the anterior and posterior walls meet; 8. Or (orbitale), the
lowest point on the inferior margin of the orbit; 9. ANS (anterior nasal spine), the tip of the anterior nasal
spine (sometimes modified as the point on the upper or lower contour of the spine where it is 3 mm thick; see
Harvold analysis); 10. Point A, the innermost point on the contour of the premaxilla between anterior nasal
spine and the incisor tooth; 11. Point B, the innermost point on the contour of the mandible between the in-
cisor tooth and the bony chin; 12. Pog (pogonion), the most anterior point on the contour of the chin; 13. Me
(menton), the most inferior point on the mandibular symphysis (i.e., the bottom of the chin); 14. Go (gonion),
the midpoint of the contour connecting the ramus and body of the mandible.

FIGURE 6-32

	

The standard lateral and frontal digitization models used in a current cephalometric
analysis and prediction program (Dentofacial Planner [DFP]). Like other modern programs, DFP allows
customization of the digitization model. It provides up to 180 points, more than enough for acceptable
analytic accuracy and superimposition.
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should be excluded from a normal sample. Since normal
occlusion is not the usual finding in a randomly selected
population group, one must make a further choice in
establishing the reference group, either excluding only ob-
viously deformed individuals while including most maloc-
clusions, or excluding essentially all those with malocclu-
sion to obtain an ideal sample. In the beginning, the latter
approach was chosen. Comparisons were made only with
patients with excellent occlusion and facial proportions, as
in the 25 individuals chosen for the Downs standards. Per-
haps the extreme of selectivity in establishing a reference
standard was exemplified by Steiner, whose original ideal
measurements were reputedly based on one Hollywood
starlet. Although the story is apocryphal, if it is true, Dr.
Steiner had a very good eye, because recalculation of his
original values based on much larger samples produced
only minor changes.

The standards developed for the Downs analysis are
still useful but have largely been replaced by newer stan-
dards based on less rigidly selected groups. A major data
base for contemporary analysis is the Michigan growth
study, carried out in Ann Arbor and involving a typical
group of children including those with mild and moder-
ate malocclusions." ? Other major sources are the Burling-
ton (Ontario) growth study,"' the Bolton study in Cleve-
land," 9 and several smaller growth studies, along with
numerous specific samples collected in university projects
to develop standards for specific racial and ethnic
groups.z°

It can be helpful to conceptualize the goal of cephalo-
metric analysis as evaluating the relationships, both hori-
zontally and vertically, of the five major functional com
ponents of the face (see Figure 6-27): the cranium and
cranial base, the skeletal maxilla (described as the portions
of the maxilla that would remain if there were no teeth and
alveolar processes), the skeletal mandible (similarly de-
fined), the maxillary dentition and alveolar process, and
the mandibular dentition and alveolar process. In this
sense, any cephalometric analysis is a procedure designed
to yield a description of the relationships among these
functional units.

There are two basic ways to approach this goal. One is
the approach chosen originally in the Downs analysis and
followed by most workers in the field since that time. This
is the use of selected linear and angular measurements to
establish the appropriate comparisons. The other is to ex-
press the normative data graphically rather than as a series
of measurements and to compare the patient's dentofacial
form directly with the graphic reference (usually called a
template). Then any differences can be observed without
making measurements.

Both approaches are employed in contemporary
cephalometric analysis. In the sections following, contem-
porary measurement approaches are discussed first, and
then cephalometric analysis via direct comparison with a
reference template is presented.

Measurement Analysis
Choice of a Horizontal Reference Line.

	

In any tech-
nique for cephalometric analysis, it is necessary to establish
a reference area or reference line. The same problem was
faced in the early anthropometric and cramometric studies
of the nineteenth century. By the late 1800s, skeletal re-
mains of human beings had been found at many locations
and were under extensive study. An international congress
of anatomists and physical anthropologists was held in
Frankfort, Germany in 1882, with the choice of a horizon-
tal reference line for orientation of skulls an important item
for the agenda. At the conference, the Frankfort plane,
extending from the upper rim of the external auditory mea-
tus (porion) to the inferior border of the orbital rim (or-
bitale), was adopted as the best representation of the nat-
ural orientation of the skull (Figure 6-33). This Frankfort
plane was employed for orientation of the patient from the
beginning of cephalometrics and remains commonly used
for analysis.

In cephalometric use, however, the Frankfort plane
suffers from two difficulties. The first is that both its ante-
rior and posterior landmarks, particularly porion, can be
difficult to locate reliably on a cephalometric ,film. A ra-
diopaque marker is placed on the rod that extends into the
external auditory meatus as part of the cephalometric head
positioning device, and the location of this marker, re-
ferred to as "machine porion" is often used to locate po-
rion. The shadow of the auditory canal can be seen on
cephalometric films, usually located slightly above and
posterior to machine porion. The upper edge of this canal
can also be used to establish "anatomic porion," which
gives a slightly different (occasionally, quite different)
Frankfort plane (Figure 6-34).

FIGURE 6-33

	

The Frankfort plane as originally described
for orientation of dried skulls. This plane extends from the upper
border of the external auditory canal (A) (porion) anteriorly to the
upper border of the lower orbital rim (orbitale) (B).
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An alternative horizontal reference line, easily and reli-
ably detected on cephalometric films, is the line from sella
turcica (S) to the junction between the nasal and frontal
bones (N). In the average individual, the SN plane is oriented
at 6 to 7 degrees to the Frankfort plane. Another way to ob-
tain a Frankfort line is simply to draw it at a specific inclina-
tion to SN, usually 6 degrees. However, although this in-
creases reliability and reproducibility, it decreases accuracy.

FIGURE 6-34

	

Using "machine porion," the upper surface of
the ear rod of the cephalometric headholder, can give a different
Frankfort plane than using "anatomic porion," the upper surface
of the shadow of the auditory canal. Both porion and orbitale, the
landmarks for the Frankfort plane, are difficult to locate accu-
rately on cephalometric films, making Frankfort a relatively
unreliable reference for cephalometric analysis.

The second problem with the Frankfort plane is more
fundamental. It was chosen as the best anatomic indicator of
the true or physiologic horizontal line. Everyone orients his
or her head in a characteristic position, which is established
physiologically, not anatomically. As the anatomists of a cen-
tury ago deduced, for most patients the true horizontal line
closely approximates the Frankfort plane. Some individuals,
however, show significant differences, up to 10 degrees.

For their long-dead skulls, the anatomists had no
choice but to use an anatomic indicator of the true hori-
zontal. For living patients, however, it is possible to use a
"true horizontal" line, established physiologically rather
than anatomically, as the horizontal reference plane. This
approach requires that cephalometric radiographs be taken
with the patient in natural head position (i.e., with the pa-
tient holding his head level as determined by the internal
physiologic mechanism.) This position is obtained when
relaxed individuals look at a distant object or into their own
eyes in a mirror. The natural head position can be repro-
duced within 1 or 2 degrees. 21

In contemporary usage, cephalometric films should be
taken in the natural head position (NHP), so that the phys-
iologic true horizontal plane is established (Figure 6-35).
Although NHP is not as precisely reproducible as orient-
ing the head to the Frankfort plane, the potential errors
from lower reproducibility are smaller than those from in-
accurate head orientation. 22 The inclination of SN to the
true horizontal plane (or to the Frankfort plane if true hor-
izontal plane is not known) should always be noted, and if
the inclination of SN differs significantly from 6 degrees,

FIGURE 6-35

	

If the cephalometric film is taken with the patient in natural
head position (NHP), a line perpendicular to the true vertical (shown by the im-
age of the freely-suspended chain that is seen on the edge of the film) is the true
(physiologic) horizontal line. NHP is preferred in modern cephalometrics to
anatomic head positioning.
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any measurements based on SN should be corrected by
this difference.

Steiner Analysis. The Steiner analysis, developed
and promoted by Cecil Steiner in the 1950s,23 can be con-
sidered the first of the modern cephalometric analyses for
two reasons: it displayed measurements in a way that em-
phasized not just the individual measurements but their in-
terrelationship into a pattern, and it offered specific guides
for use of cephalometric measurements in treatment plan-
ning. Elements of it remain useful today.

In the Steiner analysis, the first measurement is the an-
gle SNA, which is designed to evaluate the anteroposterior
position of the maxilla relative to the anterior cranial base
(Figure 6-3 6). The "norm" for SNA is 82 ± 2 degrees. Thus
if a patient's SNA were greater than 84 degrees, this would
be interpreted as maxillary protrusion, while SNA values of
less than 80 degrees would be interpreted as maxillary
retrusion. Similarly, the angle SNB is used to evaluate the
anteroposterior position of the mandible, for which the
norm is 78 ± 2 degrees. This interpretation is valid only if
the SN plane is normally inclined to the true horizontal (or
if the value is corrected as described above) and the posi-
tion of N is normal.

The difference between SNA and SNB-the ANB
angle-indicates the magnitude of the skeletal jaw discrep-
ancy, and this to Steiner was the measurement of real
interest. One can argue, as he did, that which jaw is at fault
is of mostly theoretical interest: what really matters is the
magnitude of the discrepancy between the jaws that must
be overcome in treatment, and this is what the ANB angle
measures.

FIGURE 6-36 In the Steiner analysis, the angles SNA and
SNB are used to establish the relationship of the maxilla and
mandible to the cranial base, while the SN-MP (mandibular plane)
angle is used to establish the vertical position of the mandible.

The magnitude of the ANB angle, however, is influ-
enced by two factors other than the anteroposterior differ-
ence in jaw position. One is the vertical height of the face.
As the vertical distance between nasion and points A and B
increases, the ANB angle will decrease. The second is that
if the anteroposterior position of nasion is abnormal, the
size of the angle will be affected (Figure 6-37). The valid-
ity of these criticisms has led to use of different indicators
of jaw discrepancy in the later analyses presented in the
following sections.

The next step in the Steiner analysis is to evaluate the
relationship of the upper incisor to the NA line and both
the lower incisor and the chin to the NB line, thus estab
lishing the relative protrusion of the dentition (Figure
6-38). Tweed had earlier suggested that the lower incisor
should be positioned at 65 degrees to the Frankfort plane,
thus compensating in the incisor position for the steep-
ness of the mandibular plane. 24 In the Steiner analysis,
both the angular inclination of each incisor and the mil-
limeter distance of the incisal edge from the vertical line
are measured. The millimeter distance establishes how
prominent the incisor is relative to its supporting bone,
while the inclination indicates whether the tooth has been
tipped to its position or has moved there bodily. The
prominence of the chin (pogonion) compared with the
prominence of the lower incisor establishes the balance
between them: the more prominent the chin, the more
prominent the incisor can be, and vice versa. This impor-

FIGURE 6-37

	

The ANB angle can be misleading when na-
sion is displaced anteriorly, as in this individual. Note that the
ANB angle is only 7 degrees, but the A-B difference projected to
the true horizontal is 14 mm. ANB, at best, is an indirect mea-
surement of the A-B difference, and must be used with full aware-
ness of its limitations.
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tant relationship is often referred to as the Holdaway ratio.
The final measurement included in the Steiner analysis is
the inclination of the mandibular plane to SN, its only in-
dicator of the vertical proportions of the face (see Figure
6-36). Tabulated standard values for five racial groups are
given in Table 6-8.

The various measurements incorporated in the Steiner
analysis from the beginning were represented graphically
as "Steiner sticks," a convenient shorthand for presenting
the measurements. Steiner calculated what compromises in

incisor positions would be necessary to achieve normal oc-
clusion when the ANB angle was not ideal. This was a ma-
jor step in applying cephalometrics to routine treatment
planning. The Steiner compromises, and the method for
establishing them for any given patient, are illustrated in
Figure 6-39. These figures can be helpful in establishing
how much tooth movement is needed to correct any mal-
occlusion.

However, it should not be overlooked that relying on
tooth movement alone to correct skeletal malocclusion,
particularly as the skeletal discrepancies become large, is
not necessarily the best approach to orthodontic treatment.
It is usually better to correct skeletal discrepancies at their
source than to attempt only to achieve a dental compromise
or camouflage (see Chapter 8 for further discussion of this
important point). It is fair to say that the Steiner compro-
mises reflect the prevailing attitude of Steiner's era, that the
effects of orthodontic treatment are almost entirely limited
to the alveolar process.

FIGURE 6-38

	

In the Steiner analysis, the relationship of the
upper incisor to the NA line is used to establish the position of the
maxillary dentition relative to the maxilla. Both the millimeter
distance that the labial surface of the incisor is in front of the line
and the inclination of the long axis of the incisor to the line are
measured. The position of the lower incisor relative to the
mandible is established by similar measurements to the line NB.
In addition, the prominence of the chin is established by measur-
ing the millimeter distance from the NB line to pogonion, the
most prominent point on the bony chin.

TABLE 6-8

	

Cephalometric Values for Selected Groups
(All Values in Degrees Except As Indicated)

FIGURE 6-39

	

In the Steiner analysis, the ideal relationship of the incisors is expected
when the ANB angle is 2 degrees, as indicated in the third diagram from the left. The incli-
nation of the upper incisor to the NA line in degrees and its prominence in millimeters are
shown on the second vertical line (22 degrees and 4 mm for an ANB of 2 degrees). The in-
clination of the lower incisor to the NB line and its prominence in millimeters are shown on
the third line (25 degrees and 4 mm for an ANB of 2 degrees). If the ANB angle is different
from 2 degrees, the different positioning of the incisors given by the inclination and protru-
sion figures will produce a dental compromise that leads to correct occlusion despite the jaw
discrepancy. The fact that this degree of compensation in tooth position for jaw discrepancy
can be produced by orthodontic treatment does not, of course, indicate that these compro-
mises are necessarily the best possible treatment results.
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Sassouni Analysis.

	

The Sassouni analysis was the

	

are long anteriorly and short posteriorly, which predisposes
first cephalometric method to emphasize vertical as well as

	

the individual to an open bite malocclusion. Sassouni
horizontal relationships and the interaction between verti-

	

coined the term skeletal open bite for this anatomic relation-
cal and horizontal proportions. 25 Sassouni pointed out that

	

ship. If the planes are nearly parallel, so that they converge
the horizontal anatomic planes-the inclination of the an-

	

far behind the face and diverge only slowly as they pass an-
terior cranial base, Frankfort plane, palatal plane, occlusal

	

teriorly, there is a skeletal predisposition toward anterior
plane, and mandibular plane-tend to converge toward a

	

deep bite, and the condition is termed skeletal deep bite.
single point in well-proportioned faces. The inclination of

	

In addition, an unusual inclination of one of the planes
these planes to each other reflects the vertical proportion-

	

stands out because it misses the general area of intersection.
ality of the face (Figure 6-40).

	

Rotation of the maxilla down in back and up in front may
If the planes intersect relatively close to the face and di-

	

contribute to skeletal open bite, for instance. The tipped
verge quickly as they pass anteriorly, the facial proportions

	

palatal plane reveals this clearly (Figure 6-41).

FIGURE 6-40

	

Sassouni" contributed the idea that if a series of horizontal planes are
drawn from the SN line at the top to the mandibular plane below they will project toward
a common meeting point in a well-proportioned face.

FIGURE 6-41

	

Inspection of the horizontal planes for this patient makes it clear that
the maxilla is rotated downward posteriorly and the mandible rotated downward anteriorly.
These rotations of the jaws contribute to an open bite tendency, so the skeletal pattern
revealed here is often referred to as "skeletal open bite."
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Sassouni evaluated the anteroposterior position of the
face and dentition by noting the relationship of various
points to arcs drawn from the area of intersection of the
planes. In a well-proportioned face, the anterior nasal spine
(representing the anterior extent of the maxilla), the maxil-
lary incisor, and the bony chin should be located along the
same arc. As with vertical proportions, it could be seen vi-
sually if a single point deviated from the expected position,
and in what direction. Unfortunately, as a face becomes
more disproportionate, it is more and more difficult to es-
tablish the center for the arc, and the anteroposterior eval-
uation becomes more and more arbitrary.

Although the total arcial analysis described by Sassouni
is no longer widely used, Sassouni's analysis of vertical fa-
cial proportions has become an integral part of the overall
analysis of a patient. In addition to any other measurements
that might be made, it is valuable in any patient to analyze
the divergence of the horizontal planes and to examine
whether one of the planes is clearly disproportionate to the
others.

Harvold Analysis, Wits Analysis.

	

Both the Harvold
and Wits analyses are aimed solely at describing the sever-
ity or degree of jaw disharmony. Harvold, using data de
rived from the Burlington growth study, developed stan-
dards for the "unit length" of the maxilla and mandible. 16

The maxillary unit length is measured from the posterior
border of the mandibular condyle to the anterior nasal
spine, while the mandibular unit length is measured from
the same point to the anterior point of the chin (Figure
6-42). The difference between these numbers provides an
indication of the size discrepancy between the jaws. In an-
alyzing the difference between maxillary and mandibular

FIGURE 6-42

	

Measurements used in the Harvold analysis.
Maxillary length is measured from TMf, the posterior wall of the
glenoid fossa, to lower ANS, defined as the point on the lower
shadow of the anterior nasal spine where the projecting spine is 3
mm thick. Mandibular length is measured from TMf to prog-
nathion, the point on the bony chin contour giving the maximum
length from the temporomandibular joint (close to pogonion), while
lower face height is measured from upperANS, the similar point on
the upper contour of the spine where it is 3 mm thick, to menton.

unit lengths, it must be kept in mind that the shorter the
vertical distance between the maxilla and mandible, the
more anteriorly the chin will be placed for any given unit
difference, and vice versa. The position of the teeth has no
influence on the Harvold figures (Table 6-9).

The Wits analysis27 was conceived primarily as a way
to overcome the limitations of ANB as an indicator of jaw
discrepancy. It is based on a projection of points A and B to
the occlusal plane, along which the linear difference be-
tween these points is measured. If the anteroposterior po-
sition of the jaws is normal, the projections from points A
and B will intersect the occlusal plane at very nearly the
same point. The magnitude of a discrepancy in the Class II
direction can be estimated by how many millimeters the
point A projection is in front of the point B projection, and
vice versa for Class III.

The Wits analysis, in contrast to the Harvold analysis,
is influenced by the teeth both horizontally and vertically-
horizontally because points A and B are somewhat influ
enced by the dentition and vertically because the occlusal
plane is determined by the vertical position of the teeth. It
is important for Wits analysis that the functional occlusal
plane, drawn along the maximum intercuspation of the
posterior teeth, be used rather than an occlusal plane influ-
enced by the vertical position of the incisors. Even so, this
approach fails to distinguish skeletal discrepancies from
problems caused by displacement of the dentition, and if it
is used, this limitation must be kept in mind.

The cephalometric approach developed by Ricketts in
the 1960s was used in the original computer cephalometric
system, and was widely employed at one time. Its greatest
weakness was that the normative data for many of the mea-
surements were based on unspecified samples collected by
Ricketts. In the half-century that cephalometrics has been
used clinically, dozens if not hundreds of other patterns of
measurements have been published as named analyses. 20,28

In some of these methods, it is apparent what relationship
the measurements are supposed to estimate, and it is clear
where the normative data came from. In others both the
measurements and the norms take on almost mystical
properties. Unless one is careful, it is easy to lose sight of
the goal of cephalometric analysis: to estimate the relation-
ships, vertically and horizontally, of the jaws to the cranial
base and to each other, and the relationships of the teeth to
their supporting bone.

McNamara Analysis. The McNamara analysis,
originally published in 1983, 2 ` still represents the state of
the art in cephalometric measurement analysis reasonably
well. It combines elements of previous approaches (Rick-
etts and Harvold) with original measurements to attempt a
more precise definition of jaw and tooth positions. In this
method, both the anatomic Frankfort plane and the basion-
nasion line are used as reference planes. The anteroposte-
rior position of the maxilla is evaluated with regard to its
position relative to the "nasion perpendicular," a vertical
line extending downward from nasion perpendicular to the
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TABLE 6-9

	

Harvold Standard Values (mm)

FIGURE 6-43

	

Measurements used in the McNamara analysis: Maxillary protrusion (mm distance
from nasion perpendicular-point A), mean is 2 mm; maxillary incisor protrusion (mm distance from
line parallel to nasion perpendicular to labial surface of incisor), mean is 4 mm; maxillary length,
mandibular length, and lower face height (LFH) as in Harvold analysis.
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Frankfort plane (Figure 6-43). The maxilla should be on or
slightly ahead of this line. The second step in the procedure
is a comparison of maxillary and mandibular length, using
Harvold's approach. The mandible is positioned in space
utilizing the lower anterior face height (ANS-menton).
The upper incisor is related to the maxilla using a line
through point A perpendicular to the Frankfort plane, sim-
ilar to but slightly different from Steiner's relationship of
the incisor to the NA line. The lower incisor is related as in
the Ricketts analysis, primarily using the A-pogonion line
(Figure 6-44).

The McNamara analysis has two major strengths: (1) It
relates the jaws via the nasion perpendicular, in essence
projecting the difference in anteroposterior position of the
jaws to an approximation of the true vertical line. (Using a
true vertical line, perpendicular to the true horizontal
rather than anatomic Frankfort, would be better yet; the
major reason for not doing so in constructing the analysis
is that the cephalometric films from which the normative
data were derived were not taken in NHP) (2) The norma-
tive data are based on the well-defined Bolton sample,
which is also available in template form, meaning that the
McNamara measurements are highly compatible with pre-
liminary analysis by comparison with the Bolton templates.

A major problem with any analysis based on individual
measurements is that any one measurement is affected by
others within the same face. Not only are the measure
ments not independent, it is quite possible for a deviation
in one relationship to be compensated wholly or partially

by changes in other relationships. This applies to both
skeletal and dental relationships. Compensatory changes in
the dentition to make the teeth fit in spite of the fact that
the jaws do not are well known, and often are the goal of
orthodontic treatment. Compensatory changes in skeletal
components of the face are less well known, but occur fre-
quently, and can lead to incorrect conclusions from mea-
surements if not recognized.

The basic idea of interrelated dimensions leading to an
ultimately balanced or unbalanced facial pattern was ex-
pressed well by Enlow in the 1960s, in his "counterpart
analysis".30 As Enlow et al pointed out, both the dimen-
sions and alignment of craniofacial components are impor-
tant in determining the overall facial balance. Consider di-
mensions first (Figure 6-45). If anterior face height is long,
facial balance and proper proportion are preserved if pos-
terior face height and mandibular ramus height also are rel-
atively large. On the other hand, short posterior face height
can lead to a skeletal open bite tendency even if anterior
face height is normal, because the proportionality is dis-
turbed. The same is true for anteroposterior dimensions. If
both maxillary and mandibular lengths are normal but the
cranial base is long, the maxilla will be carried forward rel-
ative to the mandible and maxillary protrusion will result.
By the same token, a short maxilla could compensate per-
fectly for a long cranial base. Alignment would affect both
the vertical and a-p position of the various skeletal units
and could compensate for or worsen a tendency toward
imbalance. For example, if the maxilla were rotated down

FIGURE 6-44

	

Analysis of a 12-year-old male, using the McNamara approach.
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FIGURE 6-45

	

Enlow's counterpart analysis emphasizes the way changes in proportions in
one part of the head and face can either add to increase a jaw discrepancy or compensate so that
the jaws fit correctly even though there are skeletal discrepancies. For example, if the maxilla is
long (measurement 6), there is no problem if the mandible (7) also is long, but malocclusion will
result if the mandibular body length is merely normal. The same would be true for anterior vs
posterior vertical dimensions (1-3). If these dimensions match each other, there is no problem,
but if they do not, whether short or long, malocclusion will result.

posteriorly, a long ramus and acute gonial angle would
compensate and allow normal facial proportions and nor-
mal occlusion, but even a slightly short ramus would pro-
duce downward-backward mandibular rotation and a long
face-open bite tendency.

One way to bring the insights of counterpart analysis
into clinical practice is from examination of the patient's
proportions versus those of a "normal" template (see at
right). Another, developed in Norway31 and increasingly
popular in the 1990s," is the use of "floating point" norms
for measurements. The idea is to use standards derived
from the individual's facial type rather than relating indi-
vidual cephalometric values to population means, taking
advantage of the correlations between the individual val-
ues. Rather than judging normality or abnormality based
on individual values, the judgment then would be based on
how the values were related to each other-some combina-
tions would be acceptable as normal even if the individual
measurements were outside the normal range. Other com-
binations could be judged as reflecting an abnormal pattern
even though the individual measurements were within the

normal range. Assessing skeletal relationships in this way is
particularly valuable for patients who are candidates for
growth modification therapy or orthognathic surgery.

Template Analysis.

	

In the early years of cephalo-
metric analysis, it was recognized that representing the
norm in graphic form might make it easier to recognize a
pattern of relationships. The "Moorrees mesh," which was
developed in the 1960s but not widely accepted initially be-
cause the normative relationships were not clearly estab-
lished, presents the patient's disproportions as the distor-
tion of a grid. It remains in use at present.33,34 In recent
years, direct comparison of patients with templates derived
from the various growth studies has become a reliable
method of analysis,20,28 with the considerable advantage
that compensatory skeletal and dental deviations within an
individual can be observed directly.

One of the objectives of any analytic approach is to re-
duce the practically infinite set of possible cephalometric
measurements to a manageably small group that can be
compared with specific norms and thereby provide useful
diagnostic information. From the beginning it was recog-
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nized that the measurements for comparison with the
norms should have several characteristics. The following
were specifically desired: (1) the measurements should be
useful clinically in differentiating patients with skeletal and
dental characteristics of malocclusion; (2) the measure-
ments should not be affected by the size of the patient (i.e.,
proportions should be preserved between small and large
individuals.) This meant an emphasis on angular rather than
linear measurements; and (3) the measurements should be
unaffected, or at least minimally affected, by the age of the
patient. Otherwise, a different table of standards for each
age would be necessary to overcome the effects of growth.

As time passed, it became apparent that a number of
measurements that fulfilled the first criterion of diagnostic
usefulness did not meet either the second or third criteria.
Linear measurements could be used as proportions to make
them size-invariant, but more and more linear measure-
ments not used proportionally crept into diagnostic use.
Note, for instance, the increasing proportion of linear mea-
surements in the transition from Steiner to Harvold / Wits
to McNamara analysis. As excellent samples of children
who had participated in growth studies became available
and were used for the construction of cephalometric refer-
ence standards, it was observed that some relationships pre-
viously thought to be invariant with age changed during
growth. Like it or not, it was inappropriate with compare
cephalometric standards for a 9-year-old child with those
of adults, or vice versa. There was obviously an advantage
in using standards that changed at various ages, because this
allowed a number of clinically useful linear as well as angu-
lar measurements to be included.

Any individual cephalometric tracing easily can be rep-
resented as a series of coordinate points on an (x y) grid
(which is what is done when a film is digitized for computer
analysis). But of course cephalometric data from any group
also could be represented graphically by calculating the av-
erage coordinates of each landmark point, then connecting
the points. The resulting average or composite tracing of-
ten is referred to as a template.

Templates of this type have been prepared using the data
from the major growth studies, 17-20 showing changes in the
face and jaws with age. At present, templates exist in two
forms: schematic (Michigan, Burlington) and anatomically
complete (Broadbent-Bolton, Alabama). The schematic tem-
plates show the changing position of selected landmarks with
age on a single template. The anatomically complete tem-
plates, a different one for each age, are particularly conve-
nient for direct visual comparison of a patient with the
reference group while accounting for age. The Bolton tem-
plates, which are readily available (Dept. of Orthodontics,
Case-Western Reserve School of Dentistry, Cleveland, Ohio
44106) are most often used for template analysis.

The first step in template analysis, obviously, is to pick
the correct template from the set of age-different ones that
represent the reference data. Two things must be kept in
mind: (1) the patient's physical size and (2) developmental

FIGURE 6-46

	

Cranial base superimposition of the standard
Bolton template for age 14 (red) on the tracing of a 13-year-old boy.
The age 14 template was chosen because it matches cranial base
length. Note that from a comparison of the template with this pa-
tient, the considerable increase in the lower face height and down-
ward rotation of the mandible can be seen clearly. It also is appar-
ent that the patient's maxilla is rotated down posteriorly. This
comparison of a patient's tracing to a template is a direct approach
toward describing the relationship of functional facial units.

age. The best plan usually is to select the reference template
initially so that the length of the anterior cranial base (of
which the SN distance is a good approximation) is approxi-
mately the same for the patient and the template and then
to consider developmental age, moving forward or back-
ward in the template age if the patient is developmentally
quite advanced or retarded. In almost all instances, correct-
ing for differences between developmental and chronologic
age also leads to the selection of a template that more nearly
approximates the anterior cranial base length.

Analysis using a template is based on a series of super-
impositions of the template over a tracing of the patient be-
ing analyzed. The sequence of superimpositions follows:
1. Cranial base superimposition, which allows the rela-
tionship of the maxilla and mandible to the cranium to be
evaluated (Figure 6-46). In general, the most useful ap-
proach is to superimpose on the SN line, registering the
template over the patient's tracing at nasion rather than
sella if there is a difference in cranial base length. (For
growth prediction with templates, it is important to use the
posterior superimposition points described with the pre-
diction method. For analysis, registering SN at N is usually
preferable.)
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With the cranial base registered, the anteroposterior
and vertical position of maxilla and mandible can be ob-
served and described. It is important at this stage to look,
not at the position of the teeth, but at the position of the
landmarks that indicate the skeletal units (i.e., anterior
nasal spine and point A for the anterior maxilla, posterior
nasal spine for the posterior maxilla; point B, pogonion and
gnathion for the anterior mandible, and gonion for the pos-
terior mandible). The object is to evaluate the position of
the skeletal units. The template is being used to see directly
how the patient's jaw positions differ from the norm. Com-
pensations within the individual's skeletal pattern are ob-
served directly.
2. The second superimposition is on the maximum con-
tour of the maxilla to evaluate the relationship of the max-
illary dentition to the maxilla (Figure 6-47). Again, it is im-
portant to evaluate the position of the teeth both vertically
and anteroposteriorly. The template makes it easy to see
whether the teeth are displaced vertically, information of-
ten not obtained in measurement analysis techniques.
3. The third superimposition is on the symphysis of the
mandible along the lower border, to evaluate the relation-
ship of the mandibular dentition to the mandible (Figure 6-
48). If the shadow of the mandibular canal is shown on the
templates, a more accurate orientation can be obtained by
registering along this rather than the lower border posteri-
orly. Both the vertical and the anteroposterior positions of
the anterior and posterior teeth should be noted.

Template analysis in this fashion has two advantages:
first, it allows the easy use of age-related standards and sec-
ond, it quickly provides an overall impression of the way in
which the patient's dentofacial structures are related. Some-
times, the reason for making measurements, which is to gain
an overall understanding of the pattern of the patient's facial
relationships, is overlooked in a focus on acquiring the num-
bers themselves. Comparing the patient to a template is an
excellent way to overcome this hazard and be sure that one
does not miss the forest while observing the trees.

Template analysis often is thought of as somehow less
scientific than making a series of measurements, but really
that is not so. Remember that the template contains exactly
the same information as a table of measurements from the

FIGURE 6-47

	

Superimposition of the Bolton template on the
maxilla (primarily, the anterior palatal contour) of the patient
shown in Figure 6-46. This superimposition clearly reveals the
forward protrusion of the maxillary incisors but shows that the
vertical relationship of the maxillary teeth to the maxilla for this
patient is nearly ideal.

same data base (for the anatomic templates, very extensive
tables). The information is just expressed in a different way.
The difference is that with the template method, there is
greater emphasis on the clinician's individual assessment of
whatever about the patient may be abnormal, and a corre-
sponding deemphasis of specific criteria.

Templates easily can be used with computer analysis as
well. The technique would be to store the templates in
computer memory and then pull up the appropriate tem
plate for comparison and use the computer to make the se-
ries of superimpositions. The clinician, looking at the su-
perimpositions, should be stimulated to make his own
assessment of interactions among the various components
of the face, incorporating the insights of counterpart analy-
sis and floating norms at that point.

Summary of Contemporary Cephalometric Meth-
odology. In its early years, cephalometric analysis was
correctly criticized as being just a "numbers game," leading
to orthodontic treatment aimed at producing certain
numbers on a cephalometric film that might or might not
represent the best treatment result for that patient. Totally
accepting the Steiner compromises and setting treatment
goals solely in terms of producing these numbers could
certainly be criticized on that basis. At present, competent
clinicians use cephalometric analysis to better understand
the underlying basis for a malocclusion. To do this, they
look not just at individual measurements compared with
a norm but at the pattern of relationships, including soft
tissue relationships. Any measurements are a means to this
end, not the end in itself.

Whatever the later steps (measurement or template su-
perimposition), the place to begin cephalometric analysis is
by drawing the Sassouni horizontal planes and examining

FIGURE 6-48

	

Superimposition of the Bolton template on
the mandible of the patient in Figure 6-46. This superimposition
indicates that the patient's mandible is longer than the ideal, but
the ramus is shorter and inclined posteriorly. All the mandibular
teeth have erupted more than normal, especially the incisors.
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their interrelationships. This simple step highlights rota-
tions of the jaws (remember that both the maxilla and
mandible can be rotated) and makes vertical proportions
more apparent.

At that point, the analysis should turn to analysis of the
anteroposterior relationships of the jaws and the dentition
of each jaw. Superimposition of Bolton (or other) templates
is one way to do that. The same information can be ob-
tained by using a true vertical line across the front of the
face as a reference, as in McNamara analysis, which is a
straightforward way to establish skeletal relationships with-
out having the measurements affected by tooth position.
Moving the true vertical line so that it passes through point
A, and then through point B, reveals the amount of dental
protrusion or retrusion of the maxillary and mandibular
teeth respectively.

Finally, any other measurements needed to clarify re-
lationships that are not clear should be made. Often this
includes measurements of face height, maxillary and mandi
bular unit lengths or other components of the various
analyses that have been discussed. The goal of modern
cephalometrics is to evaluate the relationship of the func-
tional units shown in Figure 6-27 and to do whatever is
necessary to establish the position, horizontally and verti-
cally, of each of those units. Because what is required
amounts to pattern analysis, almost never can any single
measurement be viewed in isolation. Instead, the interrela-
tionship among various measurements and observed rela-
tionships must be taken into account. In a measurement
analysis system, the appropriate floating norms always
should be employed.

ORTHODONTIC CLASSIFICATION

Classification has traditionally been an important tool in
the diagnosis-treatment planning procedure. An ideal clas-
sification would summarize the diagnostic data and imply
the treatment plan. In our concept of diagnosis, classifica-
tion can be viewed as the (orderly) reduction of the data-
base to a list of the patient's problems (Figure 6-49).

Development of Classification Systems
The first useful orthodontic classification, still important
now, was Angle's classification of malocclusion into
Classes 1, II, and III (see Chapter 1). The basis of the An-
gle classification was the relationship of the first molar
teeth and the alignment (or lack of it) of the teeth relative
to the line of occlusion. Angle's classification thus created
four groups:

Normal occlusion

	

Normal (Class I) molar
relationship, teeth on line of
occlusion

Class I malocclusion

	

Normal (Class I) molar
relationship, teeth crowded,
rotated, etc.

Class II malocclusion

	

Lower molar distal to upper
molar, relationship of other
teeth to line of occlusion not
specified

Class III malocclusion

	

Lower molar mesial to upper
molar, relationship of other
teeth to line of occlusion not
specified

The Angle system was a tremendous step forward, not
only because it provided an orderly way to classify maloc-
clusion but also because for the first time it provided a sim
ple definition of normal occlusion, and thereby a way to
distinguish normal occlusion from malocclusion.

From an early stage, it was recognized that the Angle
classification was not complete, because it did not include
important characteristics of the patient's problem. In 1912
a committee of the British Orthodontic Society chaired by
Norman Bennett suggested that although the Angle system
was an adequate classification of anteroposterior relation-
ships, it did not include information about the transverse
and vertical planes and should be extended to do so.

The deficiencies in the original Angle system led to a
series of informal additions at an early stage. A series of
subdivisions of Class I were proposed by Martin Dewey,
initially Angle's protege but later his rival. Gradually
Angle's classification numbers were extended to refer to
four distinct but related characteristics: the classification of

FIGURE 6-49

	

Conceptually, classification can be viewed as an orderly way to derive a list
of the patient's problems from the database.



186

	

SECTION III

	

Diagnosis and Treatment Planning

FIGURE 6-50

	

The Angle classification has come to describe four different characteristics: the type of
malocclusion, the molar relationship, the jaw relationship, and the pattern of growth, as shown here dia-
grammatically. Although the jaw relationship and growth pattern correlate with the molar relationship,
the correlations are far from perfect. It is not unusual to observe a Class I molar relationship in a patient
with a Class 11 jaw relationship or to find that an individual with a Class I molar and jaw relationship grows
in a Class III pattern, which ultimately will produce a Class III malocclusion.

malocclusion, as in the original plan; the molar relation-
ship; the skeletal jaw relationship; and the pattern of
growth (Figure 6-50). Thus a Class II jaw relationship
meant the mandible was positioned distally relative to the
maxilla. This was usually found in connection with a Class
11 molar relationship but occasionally could be present de-
spite a Class I molar relationship. Similarly, a Class II
growth pattern was defined as a downward and backward
growth direction of the mandible, which would tend to cre-
ate and maintain Class II jaw and molar relationships. Class
1 and Class III growth patterns show balanced and dispro-
portionate forward mandibular growth, respectively.

In the 1930s the German orthodontist Simon pro-
posed a new system of classification based on a specific
recording of the vertical orientation of the jaws to the cra
nium by what Simon called "gnathostatic" casts. In addi-
tion, Simon included an evaluation of the anteroposterior
position of the incisors by specifying canine position rela-
tive to the orbits. The development of cephalometric radi-
ology made it easier to evaluate both skeletal proportions
and incisor protrusion. With the introduction of cephalo-
metric radiology into orthodontic practice in the 1950s,
Simon's concepts were incorporated into routine ortho-
dontic diagnosis although his method of gnathostatic casts
was abandoned.

In the 1960s, Ackerman and Proffit formalized the
system of informal additions to the Angle method by iden-
tifying five major characteristics of malocclusion that
should be considered and systematically described in clas-
sification (Figure 6-51). 35 Experience has confirmed that
a minimum of five characteristics must be considered in a
complete diagnostic evaluation. Although the elements of

the Ackerman-Proffit scheme are often not combined
exactly as originally proposed, this classification by five
major characteristics is now widely used. The approach
overcomes the major weaknesses of the Angle scheme.
Specifically, it (1) incorporates an evaluation of crowding
and asymmetry within the dental arches and includes an
evaluation of incisor protrusion, (2) recognizes the rela-
tionship between protrusion and crowding, (3) includes
the transverse and vertical as well as the anteroposterior
planes of space, and (4) incorporates information about
skeletal jaw proportions at the appropriate point, that is,
in the description of relationships in each of the planes
of space.

To utilize this classification method, diagnostic infor-
mation is required about the dentition itself, occlusal rela-
tionships, and skeletal jaw relationships. This is derived
from clinical examination; panoramic and (if needed) intra-
oral radiographs; and clinical, photographic, or cephalo-
metric evaluation of dental and facial proportions. Examin-
ing five major characteristics in sequence provides a
convenient way of organizing the diagnostic information to
be sure that no important points are overlooked.

Classification by the Characteristics
of Malocclusion

Step 1: Evaluation of Facial Proportions and Esthetics.
This step is carried out during the clinical examination,
while facial asymmetry, anteroposterior and vertical facial
proportions, and lip prominence as related to incisor protru-
sion are evaluated. The clinical findings can be checked
against the facial photographs and lateral cephalometric
film, which should confirm the clinical judgment.
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FIGURE 6-51

	

Ackerman and Proffit represented the five major characteristics of
malocclusion via a Venn diagram. The sequential description of the major characteris-
tics, not their graphic representation, is the key to this classification system; but the in-
teraction of the tooth and jaw relationships with facial appearance must be kept in mind.

Step 2: Evaluation of Alignment and Symmetry
Within the Dental Arches. This step is carried out by ex-
amining the dental arches from the occlusal view, evaluating
first the symmetry within each dental arch and second, the
amount of crowding or spacing present. Space analysis quan-
titates crowding or spacing, but these figures must be inter-
preted in the light of other findings in the total evaluation
of the patient. A major point is the presence or absence of
excessive incisor protrusion, which cannot be evaluated
without knowledge of lip separation at rest.

Step 3: Evaluation of Skeletal and Dental Relation-
ships in the Transverse Plane of Space. At this stage,
the casts are brought into occlusion and the occlusal rela
tionships are examined, beginning with the transverse
(posterior crossbite) plane of space. The objectives are to
accurately describe the occlusion and to distinguish be-
tween skeletal and dental contributions to malocclusion.

Posterior crossbite is described in terms of the position
of the upper molars (Figure 6-52). Thus a bilateral maxillary
lingual (or palatal) crossbite means that the upper molars
are lingual to their normal position on both sides, whereas
a unilateral mandibular buccal crossbite would mean that
the mandibular molars were buccally positioned on one
side. This terminology specifies which teeth (maxillary or
mandibular) are displaced from their normal position.

FIGURE 6-52

	

Posterior crossbite can be either dental, as in a
patient with adequate palatal width (i.e., distance AB approximately
equals distance CD), or skeletal because of inadequate palatal width
(i.e., distance CD is considerably larger than distance AB).
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It is also important to evaluate the underlying skeletal
relationships, to answer the question, "Why does this
crossbite exist?" in the sense of the location of the anatomic
abnormality. If a bilateral maxillary palatal crossbite exists,
for instance, is the basic problem that the maxilla itself is
narrow, thus providing a skeletal basis for the crossbite, or
is it that the dental arch has been narrowed although the
skeletal width is correct?

The width of the maxillary skeletal base can be seen
by the width of the palatal vault on the casts. If the base of
the palatal vault is wide, but the dentoalveolar processes
lean inward, the crossbite is dental in the sense that it is
caused by a distortion of the dental arch. If the palatal
vault is narrow and the maxillary teeth lean outward but
nevertheless are in crossbite, the problem is skeletal in
that it basically results from the narrow width of the max-
illa. Just as there are dental compensations for skeletal de-
formity in the anteroposterior and vertical planes of
space, the teeth can compensate for transverse skeletal
problems.

Transverse displacement of the lower molars on the
mandible is rare, so the question of whether the mandibu-
lar arch is too wide can be used both to answer the question
of whether the mandible or maxilla is at fault in a posterior
crossbite and to implicate skeletal mandibular development
if the answer is positive. Tabulated data for normal molar
and canine widths are shown in Table 6-10. If there is a
crossbite and measurements across the arch show that the

mandible is wide while the maxillary arch is normal, a
skeletal mandibular discrepancy is probably present.

Step 4: Evaluation of Skeletal and Dental Relation-
ships in the Anteroposterior Plane of Space. Examin-
ing the dental casts in occlusion will reveal any anteropos
terior problems in the buccal occlusion or in the anterior
relationships. The Angle classification, in its extended
form, describes this well. Occasionally the molar occlusion
is Class II on one side, and Class I on the other. Angle called
this a Class II subdivision right or left, depending on which
was the Class Il side. In modern classification the subdivi-
sion label is only moderately useful-the asymmetric mo-
lar relationship reflects either an asymmetry within one or
both the dental arches, or a transverse skeletal problem.
These must be distinguished and should be addressed in
the first or third steps discussed here.

It is important to ask whether an end-to-end, Class II,
or Class III buccal segment relationship, or excessive
overjet or reverse overjet of the incisors, is caused by a
jaw (skeletal) discrepancy, displaced teeth on well-
proportioned jaws (dental Class lI or III), or a combina-
tion of the two, as is often the case. A jaw discrepancy al-
most always produces an occlusal discrepancy as well, but
if the jaw discrepancy is the cause, the problem should be
described as a skeletal Class II or Class III. The terminol-
ogy simply means that the skeletal or jaw relationship is
the cause of the Class Il dental occlusion. The distinction
between dental and skeletal is important, because the

TABLE 6-10 Arch Width Measurements"
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treatment for a skeletal Class II relationship in a child or
adult will be different from treatment for a dental Class II
problem. Cephalometric analysis is needed to be precise
about the nature of the problem. The object is to accu-
rately evaluate the underlying anatomic basis of the mal-
occlusion (Figure 6-53).

Step 5: Evaluation of Skeletal and Dental Relation-
ships in the Vertical Plane of Space. With the casts in
occlusion, vertical problems can be described as anterior
open bite (failure of the incisor teeth to overlap), anterior
deep bite (excessive overlap of the anterior teeth), or poste-
rior open bite (failure of the posterior teeth to occlude, uni-
laterally or bilaterally). As with all aspects of malocclusion,
it is important to ask, "Why does the open bite (or other
problem) exist?" Since vertical problems, particularly ante-
rior open bite, can result from environmental causes or
habits, the "why" in this instance has two important com-
ponents: at what anatomic location is the discrepancy, and
can a cause be identified?

It is obvious that if the posterior teeth erupt a normal
amount but the anterior teeth do not, an anterior open
bite will result. This is possible but rarely is the major rea
son for an anterior open bite. Instead, anterior open bite
patients usually have at least some excessive eruption of
posterior teeth. If the anterior teeth erupt a normal
amount but the posterior teeth erupt too much, anterior
open bite is inevitable. Excessive eruption of posterior

teeth requires a compensatory downward and backward
rotation of the mandible. Perhaps more accurately, if the
mandible rotates downward and backward, space is cre-
ated into which the posterior teeth can erupt, allowing ex-
cessive posterior eruption.

This leads to an important but sometimes difficult
concept: a patient with a skeletal open bite will usually
have an anterior bite malocclusion that is characterized by
excessive eruption of posterior teeth, downward rotation
of the mandible and maxilla, and normal (or even exces-
sive) eruption of anterior teeth (Figure 6-54). This facial
and dental pattern is sometimes called the "long face
syndrome." The reverse is true in a short face, skeletal
deep bite relationship (Figure 6-55). In that circum-
stance, one would expect to see a normal amount of
eruption of incisor teeth but rotation of both jaws in the
opposite direction and insufficient eruption of the poste-
rior teeth. The skeletal component is revealed by the ro-
tation of the jaws, reflected in the palatal and mandibular
plane angles. If the angle between the mandibular and
palatal planes is low, there is a skeletal deep bite tendency
(i.e., a jaw relationship that predisposes to an anterior
deep bite, regardless of whether one is present). Similarly,
if the mandibular-palatal angle is high, there is a skeletal
open bite tendency.

It is important to remember that if the mandibu-
lar plane angle is unusually flat or steep, correcting an

FIGURE 6-53

	

Cephalometric analysis combining elements of the
measurement approaches presented earlier. A description in words of this
patient's problems would be that the maxilla is quite deficient relative to
the mandible and the cranial base, but the maxillary teeth are reasonably
well related to the maxilla. The mandible is fairly well related in the an-
teroposterior plane of space to the cranial base, but the mandibular teeth
protrude relative to the mandible. Vertical proportions are good.
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FIGURE 6-54

	

Cephalometric analysis for a patient with se-
vere vertical problems. Note that the Sassouni lines clearly indi-
cate the skeletal open bite pattern and that the measurements
confirm both long anterior facial dimensions and severe
mandibular deficiency related to downward and backward rota-
tion of the mandible. Measurements of the distance from the up-
per first molar mesial cusp to the palatal plane confirms that ex-
cessive eruption of the upper molar has occurred.

FIGURE 6-55

	

Cephalometric analysis of a patient with short
anterior vertical dimensions. The measurements show excessive
eruption of the lower molar compared with the upper molar and
document the distal displacement of the lower incisor relative to
the mandible. Note that the Sassouni planes are almost parallel,
confirming the skeletal deep bite tendency.

FIGURE 6-56

	

As a final step in diagnosis, the patient's problems related to pathology should be
separated from the developmental problems, so that the pathology can be treated first.
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accompanying deep bite or open bite may require an al-
teration in the vertical position of posterior teeth so that
the mandible can rotate to a more normal inclination.
Cephalometric analysis is required for evaluation of pa-
tients with skeletal vertical problems, again with the goal
of accurately describing skeletal and dental relationships.
As the tracings in this chapter illustrate, most published
analyses do a much better job of identifying antero-poste-
rior than vertical problems. Adequate analysis of long- or
short-face patients requires additional measurements to
meet the needs of the specific case, or careful superimpo-
sition of templates and inspection of the relationships.

DEVELOPMENT OF A PROBLEM LIST

If positive findings from a systematic description of the
patient are recorded (i.e., if the procedure described
above is used), the automatic and important result is a list
of the patient's problems. The step-by-step procedure is
designed to ensure that the important distinctions have
been made and that nothing has been overlooked.

The problem list often includes two types of problems:
(1) those relating to disease or pathologic processes and
(2) those relating to disturbances of development that have
created the patient's malocclusion (Figure 6-56). The set of
developmental abnormalities related to malocclusion is the
orthodontic problem list. A developmental problem is just
that (e.g., mandibular deficiency), not the findings that
indicate its presence (e.g., posterior divergence, increased
facial convexity, and increased ANB angle all are findings,
not problems).

For efficient clinical application of the method, it is
important to group different aspects of the same thing
into a single major problem area related to the Ackerman
Proffit classification. This means that it would be impos-
sible for a patient to have more than five major develop-
mental problems, though several sub-problems within a
major category would be quite possible. For instance, lin-
gual position of the lateral incisors, labial position of the
canines, and rotation of the central incisors all are prob-
lems, but they can and should be lumped under the gen-
eral problem of incisor crowding/malalignment. Simi-
larly, anterior open bite, rotation of the maxilla down
posteriorly and rotation of the mandible down anteriorly,
and extreme lip incompetence are all aspects of skeletal
open bite. Where possible, the problems should be indi-
cated quantitatively, or at least classified as mild, moder-
ate, or severe (i.e., 5 mm mandibular incisor crowding or
severe mandibular deficiency).

The development of a problem list for a patient with
moderately severe orthodontic problems (Figures 6-57 to
6-60) is shown in Boxes 6-3 to 6-6. Similar diagnostic
work-ups for patients with more severe problems are
briefly reviewed in Chapters 21 and 22.

With the completion of a problem list, the diagnostic
phase of diagnosis and treatment planning is completed,
and the more subjective process of treatment planning be
gins. Thorough diagnostic evaluation means that all
problems have been identified and characterized at this
stage, omitting nothing of significance. The steps in treat-
ment planning and the outcome of treatment for the pa-
tient shown in Figures 6-57 to 6-60 are presented in
Chapter 7.

FIGURE 6-57

	

Patient age 14-11 (Patient EE), facial views prior to treatment.
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FIGURE 6-58

	

Patient age 14-11 (Patient EP.), intraoral views prior to treatment.
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&,tf~ ~t " RE 6-59

	

Patient F.P. age 14-11, panoramic (A) and cephalometric (B) radiographs prior to treat-
ment.

?'' ~+ 1i.E 6-60

	

Patient F.P. age 14-11, cephalometric tracing prior to treat-
ment. This set of horizontal and vertical reference lines is recommended.
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Orthodontic Treatment Planning: From
Problem List to Specific Plan

The sequence of steps in planning orthodontic treatment

Pathologic vs. developmental problems

Setting priorities for the orthodontic problem list

Treatment possibilities

Factors in evaluating treatment possibilities

Patient-parent consultation: obtaining informed consent

The detailed plan: specifying orthodontic mechanotherapy

Critical issues in treatment planning

Need for treatment

Orthodontic triage: distinguishing moderate from
complex treatment problems

Other occlusal discrepancies

Timing of treatment

Treatment planning for preschool children (primary dentition)

Alignment problems

I ncisor protrusion-retrusion

Posterior crossbite

Anteroposterior discrepancies

Vertical problems

Treatment planning for preadolescents (early mixed dentition)

Moderate problems

Severe problems

Treatment planning for adolescents (late mixed and early
permanent dentition)

Alignment problems

Transverse problems

Anteroposterior problems

Vertical problems

Traumatic dental displacement and ankylosis

Treatment planning for orthodontic problems in adults

Adjunctive vs. comprehensive treatment

Periodontal considerations

Orthodontic diagnosis is complete when a compre-
hensive list of the patient's problems has been developed
and pathologic and developmental problems have been
separated. At that point, the objective in treatment plan-
ning is to design the strategy that a wise and prudent clini-
cian, using his or her best judgment, would employ to ad-
dress the problems while maximizing benefit to the patient
and minimizing cost and risk.

It is important to view the goal of treatment in that
way. Otherwise, an inappropriate emphasis on some as-
pect of the case is likely, whether the proposed treatment
is medical, dental, or just orthodontics. For example,
consider a patient who seeks dental care in a family prac-
tice setting because she is concerned about the status of
old restorations. For that individual, controlling peri-
odontal breakdown might be more important than re-
placing old amalgams, and should receive the emphasis
in planning treatment, even though the patient initially
sought restorative treatment. The same principle applies
when orthodontic treatment is planned. The orthodon-
tic treatment plan should be developed to do what, on
balance, would be best for that individual patient.

When a group of dentists and dental specialists meet to
plan treatment for a patient with complex problems, im-
portant orthodontic questions often asked are, "Could you
retract the incisors enough to correct the overjet?" or
"Could you develop incisal guidance for this patient?" To a
question phrased as, "Could you...?" the answer often is
yes, given an unlimited commitment to treatment. The
more appropriate question is not "Could you...?" but
"Should you...?" or "Would it be best for the patient to ...?"
Cost-benefit and risk-benefit analyses are introduced
appropriately when the question is rephrased.

A treatment plan in orthodontics, as in any other
field, may be less than optimal if it does not take full
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advantage of the possibilities or if it is too ambitious.
There is always a temptation to jump to conclusions and
proceed with a superficially obvious plan without consid-
ering all the pertinent factors. The treatment planning
approach advocated here is specifically designed to avoid
both missed opportunities (the false negative or under-
treatment side of treatment planning) and excessive
treatment (the false positive or overtreatment side), while
appropriately involving the patient in the planning
process. The patient whose diagnostic evaluation was
outlined at the end of Chapter 6 (Patient F.P.) continues
as the illustrative patient (progress and treatment
completion are shown in the color section (Figures 7-1
to 7-4).

THE SEQUENCE OF STEPS IN PLANNING
ORTHODONTIC TREATMENT

Diagnosis results in a comprehensive list of the patient's
problems. Although any number of pathologic problems
might be noted, if the five characteristics of malocclusion
are used to structure the problem list, there can be a max-
imum of five major developmental problems. Most pa-
tients will not have that many. As the problem list is devel-
oped, the findings related to malocclusion can and should
be grouped as the classification scheme suggests, to make
the treatment planning process work efficiently. Having
too many overlapping problems on the problem list only
creates confusion.

FIGURE 7-1

	

Example patient (Patient EP; see Figures 6-57 to 6-59) maxillary and mandibular
intrusion arches in place.

FIGURE 7-2

	

Patient E P, age 16-11, intraoral views at the completion of treatment.
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FIGURE 7-4

	

Patient EP,. age 16-11, A, cephalometric superimposition showing changes relative to cranial
base, maxilla and mandible; B, panoramic and; C, cephalometric radiographs at the completion of treatment.

FIGURE 7-3

	

Patient EP., age 16-11, facial views at the completion of treatment.
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The first step in planning orthodontic treatment is to
separate any pathologic problems from the orthodontic
(developmental) problems (Figure 7-5). Then the treat
ment planning process should proceed through the follow-
ing steps:

• put the orthodontic problems in priority order
• note the treament possibilities, being sure to be

complete
• evaluate the possible solutions, considering factors

that can affect the probable result
• establish the treatment plan concept in an interac-

tive session with the patient and parents
• develop the detailed plan of clinical steps and proce-

dures.
Let us now consider this sequence, and the logic be-

hind it, in some detail.

Pathologic vs. Developmental Problems
An important principle is that a patient does not have to
be in perfect health to have orthodontic treatment, but
any problems related to disease and pathology must be
under control (i.e., the progression of any acute or
chronic conditions must be stopped). For this reason,
pathologic problems must be addressed before treatment
of orthodontic (developmental) problems can begin.
Thus in a treatment sequence, orthodontic treatment
must appear after control of systemic disease, periodontal
treatment (at least to the extent of bringing periodontal
disease under control), and restoration of dental lesions.

The sequencing of orthodontics with other types of
treatment and the implications of certain types of sys-
temic and oral pathology are discussed in Chapter 8.
Multi-disciplinary treatment of adults with complex
problems is illustrated in Chapters 20 to 22.

Even when pathologic problems are as mild as the
gingivitis and minimal attached gingiva in the girl whose
diagnostic evaluation is presented at the end of Chapter 6
(see Figures 6-57 to 6-60), they must not be overlooked in
the treatment plan. For this patient (Box 7-1), the plan for
the pathologic problems would be oral hygiene instruction
and monitoring of the gingival attachment during subse-
quent orthodontic treatment. For patients with more com-
plex disease-related problems, the plan often is appropriate
referral to another practitioner, which must be done in a
timely manner.

FIGURE 7-5

	

The treatment planning sequence. In treatment planning, the goal is wisdom, not
scientific truth-judgment is required. Interaction with the patient and parent, so that they are involved
in the decisions that lead to the final plan, is the key to informed consent.
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Setting Priorities for the
Orthodontic Problem List
Putting the patient's orthodontic (developmental) problems
in priority order is the most important single step in the en-
tire treatment planning process. In order to maximize bene-
fit to the patient, the most important problems must be iden-
tified, and the treatment plan must focus on what is most
important for that particular patient. The patient's percep-
tion of his or her condition is important in setting these pri-
orities. For example, if a patient's major reason for seeking
dental treatment is protruding and irregular incisors, this
condition probably should receive higher priority than miss-
ing molar teeth needing prosthetic replacement. On the
other hand, if the protruding and irregular incisors are no
problem to the patient but occlusal function is, replacing the
missing teeth should receive higher priority.

It is always difficult for the clinician to avoid imposing
his or her own feelings at this stage, and it is not totally in-
appropriate to do so; but ignoring the patient's chief com
plaint can lead to serious errors in planning treatment. For
instance, consider the patient who complains of a protrud-
ing chin and who has a Class III malocclusion. If the clini-
cian formulates the problem as Class III malocclusion and
concentrates on bringing the teeth into correct occlusion
while ignoring the chin, it is not likely that the patient will
be happy with the treatment result. The plan did not deal
with the patient's problem.

The prioritized problem list for the patient whose case
we have been following is shown in Box 7-2. Note that on
the prioritized list, the most important problem is not the
one the patient and her parents identified as their chief com-
plaint. For this patient, correcting the elongation of the in-
cisors is the key to treatment, and that must be recognized
at the planning stage. The doctor does not have to agree
with the patient's initial thoughts as to what is most impor-
tant. Indeed, often it is necessary to educate the patient
about the nature of the problems. But the importance of
various problems must be discussed, and informed consent
to treatment has not been obtained unless the patient agrees
that the focus of the plan is what he or she wants (see below).

Treatment Possibilities
The next step in the planning process is to list the possibil-
ities for treatment of each of the problems, beginning with

the highest priority problem. At this stage each problem is
considered individually, and for the moment the possible
solutions are examined as if this problem were the only one
the patient had. Broad possibilities, not details of treatment
procedures, are what is sought at this stage. The more com-
plex the total situation, the more important it is to be sure
no possibilities are overlooked.

As we continue our example and review the possibili-
ties for correcting her problems (Box 7-3), references to as-
pects of treatment that have not yet been presented in the
text are inevitable. The first-time reader is urged to follow
the logic rather than concentrate on details that will be dis-
cussed more fully in the following chapters.

Consider the possible solutions to this patient's most
important problem, her extreme overbite and the relatively
short face and super-eruption of the maxillary and
mandibular incisors that create it. This will require leveling
the extreme curve of Spee in the lower arch and correcting
the reverse curve in the upper arch. There are three ways
this can be done (Figure 7-6): (1) absolute intrusion of the
upper and lower incisors, moving their root apices closer to
the nose and lower border of the mandible respectively;
(2) relative intrusion of the incisors, keeping them where
they are while the mandible grows and the posterior teeth
erupt; and (3) extrusion of the posterior teeth, which would
rotate the mandible downward and backward. Relative in-
trusion of incisors and extrusion of posterior teeth are iden-
tical in terms of the tooth movement. The difference is
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significant that in the absence of growth, leveling the
arches by extrusion of posterior teeth would cause the
mandible to rotate downward and backward, accentuating
a Class 11 tendency (Figure 7-7), which would be undesi-
rable for the patient. So intrusion of the incisors appears
to be the best solution to her deep bite, even though that

FIGURE 7-7

	

There is a strong interaction between the verti-
cal position of the maxilla and both the anteroposterior and verti-
cal positions of the mandible, because the mandible rotates back-
ward as it moves downward (A) and forward as it moves upward
(B). The superimposition in A is the actual growth of this partic-
ular patient in whom excessive vertical growth of the maxilla and
downward-backward rotation of the mandible occurred. The su-
perimposition in B shows what would happen if the maxilla were
moved upward (this would require surgery). Note that this would
improve the apparent mandibular deficiency.

whether vertical growth of the ramus compensates for the
increase in molar height (i.e., whether the mandibular
plane angle is maintained [relative intrusion] or increases as
the mandible rotates downward and backward [extrusion]).

At age 17, little or no vertical growth can be expected,
so absolute intrusion or extrusion are the possibilities. It is

FIGURE 7-6

	

There are three possible ways to level out a
lower arch with an excessive curve of Spee: (1) absolute intrusion;
(2) relative intrusion, achieved by preventing eruption of the in-
cisors while growth provides vertical space into which the poste-
rior teeth erupt; and (3) elongation of posterior teeth, which
causes the mandible to rotate downward in the absence of growth.
Note that the difference between (2) and (3) is whether the
mandible rotates downward and backward, which is determined
by whether the mandibular ramus grows longer while the tooth
movement is occurring.
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would require the more complex treatment approach of
segmented arch mechanics.

The second problem is the crowding of the incisors,
severe in the upper arch, mild in the lower. In determining
whether expansion of the arches or premolar extraction
would be the best choice, the final position of the incisors
must be considered. She has a relatively prominent nose
and chin, and could benefit esthetically from having more
incisor prominence. It would be esthetically undesirable to
retract the incisors because that would make the nose look
larger, so if extraction spaces were created, space closure by
bringing posterior teeth forward would be necessary. The
anchorage for intruding the upper incisors would be in-
compatible with this pattern of space closure. Therefore, if
intrusion of the incisors would be best, arch expansion also
appears the best choice.

The third problem, the Class II tendency, would be
improved by mandibular growth, but for this mature girl,
that is extremely unlikely. Jaw surgery could increase
mandibular prominence, but is not warranted by this rela-
tively minor problem. (Note that if the Class II tendency
were judged to be the most important problem, surgical
correction might well be indicated-an indication of the
importance of prioritizing the problem list correctly. Of-
ten, the same problem list prioritized differently results in
a different treatment plan). For this patient, some use of
Class II elastics to bring the mandibular arch forward
slightly could be considered and might be necessary. But
these elastics tend to extrude lower molars and could ro-
tate the mandible down and back, so their use would have
to be limited.

The objective at this stage of treatment planning is to
be sure that no reasonable possibilities are overlooked. It is
easy to develop the mindset that "For this problem, we al
ways . . ." Sometimes an alternate approach would be bet-
ter, but is overlooked unless a conscious effort is made to
keep an open mind. In this patient's case, if continuous arch
wires that extrude premolars always are selected to level the
arches, an optimal treatment result is unlikely.

Factors in Evaluating Treatment Possibilities
Four additional factors that are pertinent in evaluating
treatment possibilities now must be considered:

Interaction Among Possible Solutions.

	

The inter-
action among possible solutions to the patient's various
problems is much easier to see when the possibilities are
listed as described above. As in the case of the girl above, it
will be clear for nearly every patient that some possible so-
lutions to a high-priority problem would also solve other
problems, while others would not and might even make
other things worse.

One important interaction to keep in mind, the one
that was critical in our case example, is the relationship be-
tween vertical and horizontal changes in the position of the
mandible (see Figure 7-7). Consider the opposite situation
to girl above, the patient with an anterior open bite. Often

this problem is due, not to decreased eruption of incisors,
but to excessive eruption of posterior teeth and downward-
backward rotation of the mandible. If so, using vertical
elastics to elongate the anterior teeth is not a solution.
Treatment should be aimed at depressing the elongated
posterior teeth, or preventing them from erupting further
while everything else grows (relative intrusion). This would
allow the mandible to rotate upward, bringing the incisor
teeth together. But if the mandible rotates upward, it also
will come forward-which would be good if the patient had
a skeletal Class II malocclusion to begin with but bad if the
malocclusion was Class I or Class III.

Another important interaction, which also came into
play in the case example, is the relationship between incisor
protrusion and the extraction-expansion decision. Expan
sion of the arches to bring crowded teeth into alignment,
even if most of the expansion is transverse rather than
antero-posterior, tends to make the incisors more promi-
nent. There may be esthetic advantages, as in the preced-
ing case, but the tooth alignment is likely to be less stable
than if the incisors had been retracted.

Compromise. In patients with many problems, it
may not be possible to solve them all. This type of com-
promise has nothing to do with the clinician's skill. In some
cases, no plan of treatment will solve all of the patient's
problems. Then careful setting of priorities from the prob-
lem list is particularly important.

In a broad sense, the major goals of orthodontic treat-
ment are ideal occlusion, ideal facial esthetics, and ideal sta-
bility of result. Often it is impossible to maximize all three.
In fact, attempts to achieve an absolutely ideal dental occlu-
sion (if this is taken to prohibit extractions) can diminish
both facial esthetics and stability after treatment. In the same
way, efforts to achieve the most stable result after orthodon-
tic treatment may result in less than optimal occlusion and
facial esthetics, and positioning the teeth to produce ideal fa-
cial esthetics may detract from occlusion and stability.

One way to avoid having to face compromises of this
type, of course, is to emphasize one of the goals at the ex-
pense of the others. In the early twentieth century, Edward
Angle, the father of modern orthodontics, solved this prob-
lem by focusing solely on the occlusion and declaring that fa-
cial esthetics and stability would take care of themselves.
Unfortunately, they did not. Echoes of Angle's position are
encountered occasionally even now, particularly among den-
tists strongly committed to avoiding extraction at all costs.

As important as dental occlusion is, it is not the most
important consideration for all patients. Sometimes
ideal occlusion must be altered, by extraction or other
wise, to gain acceptable esthetics and stability. Adjust-
ments in the other goals also may be needed. It often is
the case that placing the teeth for optimal facial esthet-
ics may require permanent retention because they are
not stable in that position, or alternatively, that placing
the teeth in a position of maximum stability will dimin-
ish facial esthetics.
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If various elements of a treatment plan are incompatible,
benefit to the patient is greatest if any necessary compromises
are made so that the patient's most important problems are
solved, while less important problems are deferred or left un-
treated. If all of the three major goals of orthodontic treat-
ment cannot be reached, those of greatest importance to that
patient should be favored. Doing this successfully requires
judgment and thought on the part of the clinician and input
from the patient and parent. For our example patient, would
better facial esthetics with more prominent incisors be worth
possibly decreased stability of the result?

Cost-Risk/Benefit Analysis.

	

Practical considerations
related to the difficulty of various treatment procedures
compared with the benefit to be gained from them also must
be considered in evaluating treatment possibilities. The dif-
ficulty should be considered in both risk and cost to the pa-
tient (not just in money, but also in cooperation, discomfort,
aggravation, time, and other factors that can be collectively
labeled as the "burden of treatment"). These must be
contrasted to the probable benefit from that procedure.

For instance, for a patient with anterior open bite, jaw
surgery to decrease face height must rank higher in cost and
risk than elastics to elongate the incisors or occlusal reduc
tion of the posterior teeth, two other possibilities for cor-
recting the bite relationship. But if the simpler and less risky
procedures would provide little real benefit to the patient,
while jaw surgery would provide considerable benefit, the
cost-risk/benefit analysis might still favor the more difficult
procedure. "Is it worth it?" is a question that must be an-
swered not only from the point of view of what is involved,
but in terms of the benefit to the patient.

Other Considerations.

	

At this stage, it is important
to take into account any pertinent special considerations
about the individual patient. Should the treatment time be
minimized because of possible exacerbation of periodontal
disease? Should treatment options be left open as long as
possible because of uncertainty of the pattern of growth?
Should visible orthodontic appliances be avoided because of
the patient's vanity, even if it makes treatment more diffi-
cult? Such questions must be addressed from the perspective
of the individual patient. Rational answers can be obtained
only when the treatment possibilities and other important
factors influencing the treatment plan have been considered.

For our example patient, interactions, thoughts about
necessary compromises, and other considerations (which in
her case are quite minor) are shown in Box 7-4. The infor
mation now has been assembled and treatment possibilities
are ready to be discussed with the patient and parents in
order to finalize the treatment plan (Box 7-5).

Patient-Parent Consultation:
Obtaining Informed Consent
Not so long ago, it was taken for granted that the doctor
should analyze the patient's situation and should prescribe
what he or she had determined to be the best treatment-
with little or no regard for whether that treatment was what

the patient desired. This is best described as a paternalistic
approach to patient care: the doctor, as a father figure,
knows best and makes the decisions.

At present, that approach is not defensible, ethically and
legally or practically. 1-3 From an ethical perspective, patients
have the right to determine what is done to them in treat
ment, and increasingly they demand that right. It is unethi-
cal not to inform patients of the alternatives, including the
likely outcome of no treatment, that are possible in their
case. The modern doctrine of informed consent has made
the ethical imperative a legal one as well. Legally, the doctor
now is liable for problems arising from failure to fully inform
the patient about the treatment that is to be performed. In-
formed consent is not obtained just from a discussion of the
risks of treatment. Patients must be told what their problems
are, what the treatment alternatives are, and what the possi-
ble outcomes of treatment or no treatment are likely to be.

The problem-oriented method of diagnosis and treat-
ment planning lends itself very well to the patient involve-
ment that the modern approach requires. 4 A discussion
with the patient and parents should begin with an outline
of the patient's problems, and patient involvement begins
with the prioritization of the problem list. Perhaps the doc-
tor's single most important question in obtaining informed
consent is, "Your most important problem, as I see it, is ....
Do you agree?" When problems related to informed con-
sent for orthodontic treatment arise, almost always they
result from treatment that failed to address what was most
important to the patient, or from treatment that focused on
what was not an important problem to the patient.

The problem-oriented method requires examining the
possible solutions to the patient's problems, starting with the
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most important one, and this also is exactly the way in which
a discussion with the patient and parents is structured most
effectively (see Box 7-5). Interactions, unavoidable compro-
mises and practical considerations must not only be consid-
ered by the doctor, they must be shared with the patient as
the treatment plan is developed. Under most circumstances,
there are advantages and disadvantages to the possible treat-
ment approaches. The doctor's role is to clarify this to the
best of his or her ability, involving the patient in the final de-
cision as to the treatment approach that will be employed.

From a practical perspective, involving the patient and
parents in decisions about treatment has important advan-
tages. It places the responsibility where it belongs, on a pa
tient who has been led to understand the uncertainties in-
volved. The problems, after all, belong to the patient, not
the doctor. A patient who "owns" the problems and recog-
nizes that this is the case, is more likely to be cooperative
and oriented toward helping with his or her treatment, than
someone who takes the attitude that it's all up to the doctor.

Several specific situations in orthodontics particularly
require interaction between the doctor and the patient and
parent in choosing the final treatment plan. Perhaps the
most frequent revolves around the issue of arch expansion
versus extraction in solving crowding problems. From the
beginning of the specialty, orthodontists have debated
whether the advantages of extraction outweigh the disad-
vantages. A disadvantage is the loss of a tooth or teeth; an

advantage is likely to be greater stability of the result; and
there may be positive or negative effects on facial esthetics.
But in fact for any individual patient the decision is a value
j udgment. It is not only appropriate but necessary to dis-
cuss the pros and cons with the patient and parent before
making the extraction-nonextraction decision. One option
is to attempt the more conservative nonextraction treat-
ment, and evaluate the treatment response before making
what is an irreversible decision to remove teeth.' Obvi-
ously, this would be an important item for discussion with
our example patient and her parents.

A second frequent problem requiring input from the
patient is the treatment of Class II malocclusion in a pre-
adolescent child. In this situation, two aspects must be
discussed: the efficacy of beginning treatment early versus
waiting for adolescence, and if early treatment is chosen, the
mode of treatment. There is no doubt that successful Class
II treatment for most patients is possible either by begin-
ning early or waiting. Current data, reviewed below in this
chapter and in detail in Chapter 8, suggest that the benefits
of early treatment are not compelling in many cases, but
there are some definite advantages (primarily, avoidance of
trauma to protruding maxillary incisors) and other possible
ones (better psychosocial development, greater skeletal
change). The disadvantage is a longer treatment time, with
greater demands on cooperation and often greater cost. The
child's desire for treatment and potential cooperation also
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must be taken into account. This affects both the decision
as to treat now or wait and the selection of the appliance to
be used if early treatment is chosen. There is little reason to
proceed with headgear or functional appliance treatment
for a child who has no intention of wearing the device.
Treatment results with the two methods are not precisely
the same but can be considered more similar than different,
and if the child would wear one but not the other, it would
be wise to select the one the child would prefer.

A third frequent issue for discussion with the patient
and parents is whether orthodontic treatment alone would
produce an acceptable result for a skeletal malocclusion, or
whether orthognathic surgery should be selected. Some-
times this difficult decision revolves around whether jaw
function would be satisfactory with displacement of the in-

cisor teeth to compensate for a jaw malrelationship, versus
function with the jaws in the correct position. In most in-
stances, however, it is primarily an esthetic decision. Facial
esthetics are likely to be better if the jaw relationship is cor-
rected. Is that improvement worth the additional risk, cost
and morbidity of surgery? In the final analysis, only the pa-
tient and parents can-or should-make that decision.

Recent advances in computer prediction of alternative
outcomes, so that the likely effects on facial appearance
from various treatment procedures can be simulated, have
made it easier to communicate with patients. Especially in
decisions like surgery versus orthodontic camouflage but
also in deciding whether to expand the dental arches or
extract, a picture is worth a thousand words (Figure 7-8).
Good evidence now shows that communication is improved

FIGURE 7-8

	

Patient EP., age 16-11, computer predictions of the facial changes from alterna-
tive treatment plans: A, the initial facial profile; B, nonextraction orthodontics with incisor intru-
sion; C, premolar extraction; D, surgical mandibular advancement. Predictions of this type are most
accurate in patients who will have little or no growth; they can be very helpful in getting patients to
really understand the esthetic impact of alternative approaches. Compare the prediction (in this
case, B) to the actual treatment result (see Figure 7-3). (Prediction software: Dentofacial Planner.)
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when video images of the likely outcome of alternative
treatment procedures are shown to the patient.4,6,7 Video
image predictions are much more accurate when growth is
not involved, but this method can help parents understand
the options for children and adolescents as well. These pre-
diction techniques also are discussed below.

Sometimes involving patients in treatment planning
decisions is interpreted as allowing the patient and parent
to make all the decisions. Clearly this is not the case. It is
the doctor's responsibility to explain the options to the pa-
tient and parents, and to negotiate with them the final
treatment plan. It is not the doctor's responsibility to do
anything the patient wants. Just as any patient has the right
to refuse to accept treatment, the doctor has the right to
refuse to supply treatment that he or she considers not in
the patient's best interest. At one time, the doctor decided
what was to be done, and that was that. Now, establishing
the final treatment plan is, and must be, an interactive
process between the doctor and the patient.

The patient described earlier and her parents under-
stood the importance of the deep bite, accepted the sug-
gestion that arch expansion would be better than premolar
extraction even though long-term stability might be some-
what compromised, and acknowledged that a change in the
treatment plan to include extraction or even orthognathic
surgery might be needed if the patient did not respond
well to the more conservative initial treatment plan. They
also reviewed the anticipated risks of treatment in her case
(Box 7-6), the primary concerns being root resorption
(especially of the maxillary incisors) and the possibility of
damage to the teeth from inadequate hygiene. The result
was both informed consent in the broad (and correct)
sense and the treatment plan concept (Box 7-7).

by growth modification with a functional appliance, for
instance, or the intrusion/arch expansion plan for our ex-
ample patient. The final step in planning treatment is
specification of the treatment method-in orthodontics,
the mechanotherapy-that is to be used. For the Class II
functional appliance patient, the mechanotherapy might
be a bionator with an initial mandibular advancement of
4 mm, the mandibular incisors capped, mandibular poste-
rior teeth free to erupt, and the maxillary teeth blocked
vertically.

The detailed plan for our example patient is shown in
Box 7-7. Note that for this patient, the conceptual plan
leads directly to the mechanotherapy-which usually is the
case. For any patient, the selected treatment procedures
must meet two criteria: effectiveness in producing the de-
sired result and efficiency in doing so without wasting either
doctor or patient time. Progress and completion of this
case are shown in Figures 7-1 to 7-4.

For a relatively simple treatment plan, the associated
mechanotherapy is also reasonably simple or at least
straightforward. Nevertheless, choices must be made and
clearly specified in the treatment plan. For example, if the
plan is to expand a narrow maxillary arch, it would be pos-
sible to do this with springs on a removable appliance, an
expansion lingual arch, or an expansion labial arch. The
treatment plan must specify which, and the effectiveness
and efficiency of the various possibilities must be consid-
ered. There is a time and a place for everything, and this
last step is the place for these practical considerations of
which appliance to use.

The most serious errors in orthodontic treatment plan-
ning are those that result from first thinking of which appli-
ance to use, not what the appliance is supposed to accom-

The Detailed Plan: Specifying Orthodontic
Mechanotherapy
What is established in the patient-parent consultation is
the treatment plan in conceptual form-Class 11 treatment
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plish. The treatment mechanics should not be allowed to de-

termine the treatment result. It is an error to establish the

treatment mechanics before establishing the broader goal of

treatment. The treatment procedures should be manipulated

'

	

to produce the desired result, not the other way around.

CRITICAL ISSUES IN TREATMENT
PLANNING

In order to plan treatment appropriately, decisions must be

made about three critical issues: (1) what treatment is

needed, (2) who should do it, and (3) when is the best time

to do it. These issues establish the environment for the or-

thodontic treatment planning process. They must be re-

viewed before specific points about treatment planning in

various circumstances are considered.

Need for Treatment
There are two aspects to the question of what treatment is

needed: whether treatment is indicated at all, and if so,

what treatment procedures should be used.

Indications for Orthodontic Treatment.

	

Since no

one dies of untreated malocclusion, from that perspective

orthodontic treatment always is elective. There are clear

benefits, however, from treatment to correct some types of

problems, while the benefit from other types of treatment

is not so clear. In broad terms, there are four reasons for or-

thodontic treatment, in the order of their importance:

(1) to remove, or at least alleviate, the social handicap created

by an unacceptable dental and/or facial appearance; (2) to

maintain as normal a developmental process as possible;

(3) to improve jaw function and correct problems related to

functional impairment; and (4) to reduce the impact on the

dentition of trauma or disease. These are discussed in some

detail in Chapter 1, and references to the appropriate litera-

ture are provided there. The goal here is to summarize what

is known about need for orthodontic treatment.

Psychosocial Indications.

	

Because the research lit-
erature makes a reasonably secure case for the impact of

the teeth on facial esthetics, self-image and the reactions

of others, treatment is justifiable on this basis when the ap-

pearance of the face and/or teeth creates a problem for the

patient (see Chapter 1). Although the severity of the mal-

occlusion correlates with its psychosocial effect, measur-

ing how much the teeth protrude or how irregular they are
is not sufficient to determine individual treatment need.

This is case-, patient-, and parent-specific. A malocclusion

that is not a problem for one individual can be a significant

problem for another. Malocclusion has little or no psy-

chosocial impact on preadolescent children unless it is

extremely severe, so for most children there is little or no

need to begin treatment early from concern about their

social development.

Developmental Indications.

	

Problems related to the

development of the dentition occur relatively frequently,

and often orthodontic treatment is needed to maintain

dental health and continue normal development. For ex-

ample, it is much better to create space to prevent a dis-

placed tooth from erupting through mucosa than to let this

periodontal problem develop and plan gingival grafts later.

Treatment to control the attrition of tooth structure than

can occur when a tooth is out of position, or to control loss

of space if a tooth is missing or lost, also is easily justified.

Problems of dental development almost always should be

corrected when noticed.

Distortions of facial growth that produce jaw discrep-

ancies also are indications for treatment, but the timing of

treatment for skeletal problems is not so obvious. Because

a major reason for correcting jaw discrepancies is their psy-

chosocial effect, delaying treatment until adolescence may

be appropriate even though (for example) protruding upper

incisors and excessive overjet were obvious much earlier.

Functional Indications.

	

It is obvious that severe mal-

occlusion must affect function, at least to the extent of

making it more difficult for the affected individual to

breathe, incise, chew, swallow, and speak. The reverse also

is true: alterations or adaptations in function can be etio-

logic factors for malocclusion, by influencing the pattern

of growth and development (see Chapter 5). The extent to

which improved function justifies orthodontic treatment

remains poorly defined. Current thinking can be summa-

rized as follows:

• Respiration-There seem to be numerous weak re-

lationships between respiratory mode and malocclu-

sion, but the more refined and rigorous the investi-

gations, the more questionable specific links become.

The evidence does not support orthodontic referrals

of children for surgery to open the nasal airway (by

removing adenoids, turbinates, or other presumed

obstacles to nasal airflow), because the effect on the

future facial growth pattern is unpredictable. For the

same reason, expanding the maxillary dental arch by

opening the midpalatal suture, which also widens

the nasal passages, cannot be supported as an effec-

tive way of changing the respiratory pattern toward

nasal breathing and away from mouth breathing.

• Chewing, jaw function, and temporomandibular joint

dysfunction(TMD)-It seems obvious that chewing

should be easier and more efficient if the dental oc-

clusion is good, but individuals expend the effort nec-

essary to accomplish important tasks like chewing,

and there is little evidence to support any impact of

malocclusion on nutritional status. Except for the

most extreme malocclusions, the effects of malocclu-

sion on chewing appear to be increased work to pre-

pare a satisfactory bolus for swallowing. Masticatory

effort is difficult to measure accurately, so there are no
good data for how much difference it makes to have

mild, moderate, or severe malocclusion.

It is possible that functional problems related to

malocclusion would appear as temporomandibular
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dysfunction. Little or no data support the idea that
orthodontic treatment is needed at any age to pre-
vent the development of TMD. Weak correlations
exist between some types of malocclusion and the
prevalence of TMD, but they are not strong enough
to explain even a small fraction of TMD problems.

• Swallowing/speech-Both the pattern of activity in
swallowing and tongue-lip function during speech
are affected by the presence of the teeth. The most
effective way to reduce the prominence of the
tongue during swallowing is to retract protruding
incisors and close an open bite, so orthodontics can
have an effect on swallowing, but rarely is this a rea-
son for orthodontic treatment. Normal speech is
possible in the presence of extreme anatomic devia-
tions. Certain types of malocclusion are related to
difficulty with specific sounds (see Table 6-1), and
occasionally a reason for orthodontic treatment is
that it would facilitate speech therapy. Usually, how-
ever, speech problems are not a reason for ortho-
dontics.

Trauma/Disease Control Indications.

	

At one time it
was thought that malocclusion contributed to the develop-
ment of periodontal disease, but this link is so tenuous that
almost never is it a reason for orthodontic treatment. In
older patients, orthodontics as an adjunct to periodontal
therapy may be indicated. In children and adolescents,
orthodontics cannot be justified for disease control.

Trauma is another story. There is ample evidence that
protruding incisors are more likely to be injured, which can
be a valid reason for trying to correct this problem soon af
ter the permanent teeth erupt. There also is good evidence
that contact of the lower incisors with the palatal mucosa,
which often occurs in deep overbite, leads to periodontal
defects long-term. Correcting tissue impingement by the
teeth is a good reason for treatment at any age.

The bottom line: orthodontic treatment almost always
is elective, but it can produce significant benefits in psy-
chosocial well-being, normal development, jaw function
and dental/oral health. Treatment is needed if it would
produce these benefits-and not needed if it would not.

Type of Treatment: Evidence-Based Selection.

	

If
treatment is needed, how do you decide what sort of treat-
ment should be provided? The present trend in health care
is strongly toward evidence-based treatment, that is, treat-
ment procedures should be chosen on the basis of clear ev-
idence that the selected method is the most successful ap-
proach to that particular patient's problem(s). 8 The better
the evidence, of course, the better the decision.

The problem-oriented approach to diagnosis and
treatment planning is built around identifying the patient's
problems, then considering and evaluating the possible
solutions to those specific problems. The best way to eval-
uate alternative treatment methods is with a randomized
clinical trial, in which great care is taken to control vari-
ables that might affect the outcomes, so that differences

attributable to the treatment procedures become apparent.
A second acceptable way to replace opinion with evidence
is from careful study of treatment outcomes under well-
defined conditions. Clinical trial data are just becoming
available in orthodontics, and not all decisions about alter-
native treatment possibilities can be based on good evi-
dence of any type. In Chapter 8, the quality of clinical ev-
idence relative for current orthodontic procedures is
examined in detail. In this and the subsequent chapters,
recommendations for treatment are based insofar as possi-
ble on solid clinical evidence. Where this is not available,
the authors' current opinions are provided and labeled as
such.

Orthodontic Triage: Distinguishing Moderate
from Complex Treatment Problems
The second basic decision in planning orthodontic treat-
ment, typically faced by the family dentist seeing a child
who needs orthodontic intervention now, is who should
do the treatment. Does this patient warrant referral to a
specialist?

In military and emergency medicine, triage is the
process used to separate casualties by the severity of their
injuries. Its purpose is twofold: to separate patients who can
be treated at the scene of the injury from those who need
transportation to specialized facilities, and to develop a se-
quence for handling patients so that those most likely to
benefit from immediate treatment will be treated first.
Since orthodontic problems almost never are an emer-
gency, the process of sorting orthodontic problems by their
severity is analogous to triage in only one sense of the word.
On the other hand, it is very important for the primary care
dentist to be able to distinguish moderate from complex
problems, because this process determines which patients
are appropriately treated within family practice and which
are most appropriately referred to a specialist.

As with all components of dental practice, a generalist's
decision of whether to include orthodontic treatment as a
component of his or her services is an individual one. The
principle that the less severe problems are handled within
the context of general practice and the more severe prob-
lems are referred should remain the same, however, re-
gardless of the practitioner's interest in orthodontics. Only
the cutoff points for retention of a patient in the general
practice or referral should change.

This section presents a logical scheme for orthodon-
tic triage for children, to select children for referral on the
basis of the severity of their malocclusion and the likely
complexity of their evaluation and treatment. It is based
on the diagnostic approach developed in Chapter 6 and
incorporates the principles of determining treatment need
that are discussed above. An adequate database and a thor-
ough problem list, of course, are necessary to carry out the
triage process. A cephalometric radiograph is not re-
quired, but appropriate dental radiographs are needed
(usually, a panoramic film; occasionally, bitewings supple-
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mented with anterior occlusal radiographs). A flow chart

illustrating the steps in the triage sequence accompanies

this section.

Syndromes and Developmental Abnormalities.
The first step in the triage process is to separate out pa-

tients with facial syndromes and similarly complex prob

lems (Figure 7-9). From physical appearance, the medical

and dental histories, and an evaluation of developmental

status, nearly all such patients are easily recognized. Ex-

amples of these disorders are cleft lip or palate, Treacher-

Collins' syndrome, hemifacial microsomia, and Crouzon's

syndrome (see Chapter 3). The multidisciplinary treat-

ment approach now considered as the standard of care for

these patients should lead to their referral to a craniofacial

team of specialists at a regional medical center for evalua-

tion and treatment. The American Cleft Palate Associa-

tion publishes a directory of these teams,9 who now cover

the whole spectrum of craniofacial problems, not just cleft

palate.

A similar route of referral and medical evaluation is

recommended for patients who appear to be developing ei-

ther above the 97th or below the third percentiles on stan-

dard growth charts. Growth disorders may demand that

any orthodontic treatment be carried out in conjunction

with endocrine, nutritional, or psychological therapy. For

these patients and those with diseases that affect growth,

such as juvenile rheumatoid arthritis, the proper orthodon-

tic therapy must be combined with identification and con-

trol of the disease process.
Facial Disproportions and Asymmetries
Facial Asymmetry.

	

Patients with significant skeletal

asymmetry (not necessarily those whose asymmetry results

from only a functional shift of the mandible) always fall

into the severe problem category (see Figure 7-9). These

patients could have a developmental problem or the
growth anomaly could be the result of injury. They require

evaluation including posteroanterior and lateral cephalo-

metric radiographs. Treatment is likely to involve surgery
in addition to comprehensive orthodontics. Timing of

intervention is affected by whether the cause of the asym-

metry is deficient or excessive growth (Chapter 8), but
early comprehensive evaluation is indicated even if treat-

ment ultimately is deferred, and early treatment usually is

needed.

FIGURE 7-9

	

Orthodontic triage, step 1.
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FIGURE 7-10

	

Orthodontic triage, step 2.

FIGURE 7-11

	

Orthodontic triage, step 3.
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Anteroposterior and Vertical Problems. Skeletal
Class II and Class III problems and vertical deformities of

the long face and short face types, regardless of their cause,

require thorough cephalometric evaluation to plan appro-

priate treatment and must be considered complex problems

(Figure 7-10). As with asymmetry, early evaluation is indi-

cated even if treatment would be deferred, so early referral
is appropriate. Issues in treatment planning for growth

modification are discussed in Chapter 8, and the appropri-

ate treatment techniques are described in Chapter 15.

Excessive Dental Protrusion or Retrusion.

	

Severe
dental protrusion or retrusion, which also is a complex

treatment problem, should be recognized during the facial

profile analysis (see Figure 7-10). Excessive protrusion or

retrusion of incisor teeth often accompanies skeletal jaw
discrepancies, and if protrusion is present in a patient who

also has a skeletal problem, this should be subordinated to

the skeletal problem in planning treatment. It is also possi-

ble, however, for an individual with good skeletal propor-

tions to have protrusion of incisor teeth rather than crowd-

ing. When this occurs, the space analysis will show a small
or nonexistent discrepancy, because the incisor protrusion

has compensated for the potential crowding.

Excessive protrusion of incisors (bimaxillary protru-
sion, not excessive overjet) is usually an indication for pre-

molar extraction and retraction of the protruding incisors.

This is complex and prolonged treatment. Because of the

profile changes produced by adolescent growth, it is better

for most children to defer extraction to correct protrusion

until late in the mixed dentition or early in the permanent

dentition. It is definitely an error to begin extraction early
and then allow the permanent molars to drift forward, be-

cause this will make effective incisor retraction impossible.

Techniques for controlling the amount of incisor retraction
are described in Chapter 17.

Problems Involving Dental Development.

	

Unlike

the more complex skeletal problems and problems related

to protruding incisors, problems involving dental develop

ment usually need treatment as soon as they are discovered,

typically during the early mixed dentition, and often can be
handled in family practice (Figure 7-11).

Asymmetric Dental Development An abnormal se-

quence of dental development should be planned for treat-

ment only after a careful determination of the underlying

cause. Asymmetric eruption (one side ahead of the other) is

significant if the difference is 6 months or more. Appropri-

ate treatment involves careful monitoring of the situation,

and in the absence of outright pathology, often requires se-

lective extraction of primary or permanent teeth. Early in-

tervention to promote more symmetric development of the

dental arches, as for example the early extraction of the

right mandibular primary canine after the left canine has

been lost prematurely, can circumvent the need for treating

a severe asymmetry problem at a later time, but such a step

must be taken only after careful consideration of the total

problem list for an individual patient.

FIGURE 7-12

	

Radiation to the jaws, as in treatment of a tu-
mor, can significantly reduce the size of developing teeth. This
child had significant radiation to the jaw in the treatment of a
pharyngeal malignancy; note the effect on the teeth.

A few patients with asymmetric dental development

have a history of childhood radiation therapy to the head

and neck. These patients often have extremes of delayed or

asymmetric dental development (Figure 7-12). Surgical

and orthodontic treatment for these patients must be

planned and timed carefully with their medical treatment

providers and definitely falls into the complex category.

Missing Permanent Teeth. A congenitally missing

permanent tooth is an actual (if the primary predecessor is

missing or lost) or potential (if the primary tooth is still
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present) problem of arch asymmetry. The permanent
teeth most likely to be missing are the mandibular second
premolars and the maxillary lateral incisors, but the treat-
ment possibilities are the same whatever the missing
tooth: (1) maintenance of the primary tooth or teeth;
(2) replacement of the missing teeth prosthetically or per-
haps by transplantation or implant; (3) extraction of the
overlying primary teeth, and then allowing the permanent
teeth to drift; or (4) extraction of the primary teeth fol-
lowed by immediate orthodontic treatment. As with other
growth problems, early evaluation and planning is essen-
tial, even if the decision is against aggressive treatment at
that time, so early referral is indicated. Making the correct
decision requires a careful assessment of facial profile, in-
cisor position, space requirements, and the status of the
primary teeth. Treatment of missing tooth problems in
mixed dentition children is discussed in more detail in
Chapter 14.

For all practical purposes, ankylosed permanent teeth
at an early age or teeth that fail to erupt for other reasons
(like primary failure of eruption) fall into the same category
as missing teeth. Usually there is little choice but to extract
the affected teeth, and then the choices are orthodontic
space closure (if enough alveolar bone exists to allow it) or
prosthetic replacement (more likely).

Supernumerary Teeth.

	

Ninety percent of all super-
numerary teeth are found in the anterior part of the max-
illa. Multiple or inverted supernumeraries and those that
are malformed often displace adjacent teeth or cause prob-
lems in eruption. l° The presence of multiple supernumer-
ary teeth indicates a complex problem and perhaps a syn-
drome or congenital abnormality like cleidocranial
dysplasia. Early removal is indicated, but this must be done
carefully to minimize damage to adjacent teeth. If the per-
manent teeth have been displaced, surgical exposure, ad-
junctive periodontal surgery, and possibly mechanical trac-
tion are likely to be required to bring them into the arch
after the supernumerary has been removed.

Single supernumeraries that are not malformed often
erupt spontaneously, causing crowding problems. If these
teeth can be removed before they cause distortions of arch
form, or if the supernumerary tooth erupts outside the line
of the arch, extraction may be all that is needed.

Other Eruption Problems. Ectopic eruption and
ankylosed primary teeth should be monitored carefully.
Space maintenance or space regaining may be required in
their aftermath. Both are moderate problems in the ab-
sence of a broader space deficiency. Ankylosed permanent
teeth or permanent teeth that fail to erupt, however, are se-
vere problems that often require a combination of surgery
and orthodontics if indeed the condition can be treated sat-
isfactorily at all.

Space Problems.

	

Orthodontic problems in a child
with good facial proportions must involve crowding, ir-
regularity, or malposition of the teeth (Figure 7-13). At

this stage, regardless of whether crowding is apparent, the
results of space analysis are essential for planning treat-
ment. The presence or absence of adequate space for the
teeth must be taken into account when other treatment is
planned.

In interpreting the results of space analysis for pa-
tients of any age, remember that if space to align the teeth
is inadequate, either of two conditions may develop. One
possibility is for the incisor teeth to remain upright and
well positioned over the basal bone of the maxilla or
mandible, and then rotate or tip labially or lingually. In
this instance, the potential crowding is expressed as actual
crowding and is difficult to miss. The other possibility,
however, is for the crowded teeth to align themselves com-
pletely or partially at the expense of the lips, displacing the
lips forward and separating them at rest. Even if the space
discrepancy and therefore the potential crowding are ex-
treme, the teeth can always align themselves at the expense
of the lip, interfering with lip closure. This must be de-
tected on profile examination. If the incisors are upright
and crowding is moderate, a few millimeters of arch ex-
pansion can often be carried out to solve the crowding
problem. On the other hand, if there is already a degree of
protrusion in addition to the crowding, it is safe to pre-
sume that the natural limits of anterior displacement of in-
cisors have been reached.

Space discrepancies greater than 4 mm, with or with-
out incisor protrusion, or discrepancies smaller than 4 mm
in the presence of incisor protrusion, constitute complex
treatment problems. Depending on the circumstances, the
appropriate response to space deficiencies of 4 mm or less
can be treatment to regain lost space after early loss of a pri-
mary molar or ectopic eruption, management of transi-
tional crowding and repositioning of the permanent in-
cisors during the mixed dentition, or deferral of treatment
until adolescence. Treatment planning for these moderate
problems is outlined below in the preadolescent section of
this chapter.

Other Occlusal Discrepancies
Whether other problems of dental alignment and occlu-
sion should be classified as moderate or severe is deter-
mined for most children by the facial form and space analy-
sis results (Figure 7-14). A skeletal posterior crossbite,
revealed by a narrow palatal vault, is a severe problem, but
a dental posterior crossbite falls into the moderate category
if no other complicating factors (like severe crowding) are
present. In a skeletal posterior crossbite, it is possible to
widen the maxilla itself by opening the midpalatal suture,
provided the patient is young enough to allow suture open-
ing. This topic is discussed further in Chapter 8. If the
crossbite is caused by maxillary posterior teeth that are
tipped lingually, it is possible to tip the teeth outward into
proper position with a variety of simple appliances (see
Chapters 13 and 14).
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FIGURE 7-13

	

Orthodontic triage, step 4.

Anterior crossbite usually reflects a jaw discrepancy but

can arise by lingual tipping of the incisors as they erupt.

Treatment planning for the use of removable versus fixed

appliances to correct these simple crossbites is discussed

later under mixed dentition treatment. Excessive overjet,

with the upper incisors flared and spaced, often reflects a

skeletal problem but also can develop in patients with good

jaw proportions. If adequate vertical clearance is present,

the teeth can be tipped lingually and brought together with

a simple removable appliance when the child is at almost

any age. If a deep overbite is present, however, the protrud-

ing maxillary incisors can be retracted only if adequate ver-

tical clearance is provided. Remember that deep overbite

may reflect a skeletal vertical problem even if antero-poste-

rior facial proportions are normal. Even if skeletal vertical

also is normal, mixed dentition treatment usually involves

placing a fixed orthodontic appliance on both maxillary and
mandibular incisors and can rapidly become complex.

Anterior open bite in a young child with good facial

proportions usually needs no treatment, because there is a

good chance of spontaneous correction. A complex open

bite (one with skeletal involvement or posterior manifesta-

tions), or any open bite in an older patient, is a severe prob-

lem, as is deep bite at all ages.

Traumatically displaced incisors pose a special problem

because of the risk of ankylosis after healing occurs. Imme-

diate treatment is needed, and the long-term prognosis

must be guarded. Treatment planning after trauma is dis-

cussed later in the preadolescent section of this chapter.

This triage scheme is oriented toward helping the fam-

ily practitioner decide which children with orthodontic

problems to treat and which to refer. A triage scheme to

help distinguish moderate from severe orthodontic prob-

lems in adults is presented in Chapter 20. Now let us review

the final question that forms a background for orthodontic

treatment planning-the best time for treatment.
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FIGURE 7-14

	

Orthodontic triage, step 5.

Timing of Treatment
Questions about the timing of orthodontic treatment relate
almost totally to the question of whether to begin treatment
for a child with obvious malocclusion early, during the pri-
mary or mixed dentition, or whether to wait for the adoles-
cent growth spurt and the eruption of the permanent teeth.

From the beginning of comprehensive orthodontic
treatment, most patients have been treated during a single
stage of treatment during early adolescence, beginning in
the late mixed dentition or early permanent dentition and
lasting about 24 months. There are good reasons for fo-
cusing most treatment then. The child has reached a stage
at which self-motivation for treatment is more likely, which
is evident in improved ability to cooperate during appoint-
ments and in appliance care and hygiene but still remains
dependent and compliant in some regards. Usually enough
growth remains so that it is possible to change antero-pos-
terior jaw relationships, and adolescent growth provides

vertical space that makes it easier to reposition the teeth.
All teeth including the second molars can be controlled to
bring treatment to a semblance of finality, even though
some growth remains after treatment is completed. The
relatively limited duration of treatment is within the toler-
ance of most patients and their families. Acceptable results
can be obtained for most patients.

The stability of the results from this traditional timing
of treatment have been highly variable. Despite this no-
table shortcoming, one-stage treatment in early adoles
cence remains the "gold standard" for contemporary care.
To be justified, early or two-stage treatment that takes
longer and costs more should offer a clear advantage in es-
thetic, developmental, functional, or trauma-prevention
terms. A different timing of treatment should be based on
scientific data for effectiveness and on a logical rationale for
the timing choice, not on the availability of the patient and
a general feeling that earlier is better. The following
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overview of the advantages and disadvantages of early ver-

sus later treatment is provided to put the timing issue in

broad perspective, before we review treatment planning at

various ages in more detail.

Treatment during the primary dentition offers the ad-

vantage of rapid change in skeletal and dental structures

because of relatively rapid growth and because at that age,

even moderate biomechanical forces are quite effective.

Significant improvement in jaw relationships often can be

obtained quite quickly during the preschool years, espe-

cially with skeletal Class II problems. Unfortunately, con-

tinued rapid growth can easily erase the treatment effects

unless active retention, which quickly can become unrea-

sonably extended treatment, is employed. Child behavior

can be challenging both during and between appoint-

ments, which may test practitioners and parents. For treat-

ment to be justified during this period, the effects should

be both dramatic and long lasting. Only treatment that of-

fers significant current and future esthetic and functional

advantages, or limited treatment to deal with immediate

developmental problems, should be considered.

Parents rarely seek treatment for their children during

the primary dentition, but eruption of the permanent in-

cisors makes malocclusion obvious, and orthodontic advice

often is sought in the early mixed dentition. The real con-

troversy is whether beginning treatment then, which carries

with it the implication of a second phase of permanent den-

tition treatment later, offers enough advantages to justify it.

It is safe to say that two stages of treatment will take longer

than one and that two-stage treatment is very likely to be

more costly.

There is no doubt that many children do need ortho-

dontics during the mixed dentition. Some developmental

problems with the succedaneous teeth are much easier to

control by early intervention than to correct later, and

there can be functional advantages in correcting interfer-

ences with normal jaw movements. There is good evidence

that the increased overjet associated with Class II maloc-

clusion increases the chance of preadolescent incisor

trauma and that this risk is reduced by overjet reduction.

Girls mature earlier than boys, and this can become an im-

portant factor in the timing of treatment-by the time the

premolars erupt, there may be too little growth remaining

for optimal treatment of some girls.

On the other hand, if growth modification is done

early, adolescent growth in the original pattern can cause

the skeletal problem to recur, so that much of the initial

change is lost, and there is little or no psychosocial bene-

fit from correcting the problem early. Early treatment

for patients with very severe skeletal problems or prob-

lems that are becoming progressively worse (e.g., post-

traumatic ankylosis) clearly is indicated. It is difficult to

justify early treatment of routine Class II problems be-

cause the data (see Chapter 8 for a review of the pertinent

literature) indicate that there is little or no difference in the

outcomes of two-stage and one-stage treatment.

Whether arch expansion procedures are more effective if

done during the mixed dentition is debatable. Good data to

resolve this are not yet available. The key question, of course,

is not whether the expansion can be accomplished early-

clearly it can-but whether there is any long-term advantage

in doing it that way. Unfortunately, it takes a long time to get

a clear answer. As better data for outcomes become available,

it is likely that the indications for early treatment will be fo-

cused more clearly and that two-stage treatment will be re-

served for patients with special characteristics.

The timing of treatment for adults, interestingly

enough, also requires careful thought-not because of

growth considerations, as in children, but because ortho

dontic treatment often must be coordinated with other treat-

ment to control dental disease and replace missing teeth.

In the remainder of this chapter, we review orthodon-

tic treatment planning for preschool children, preadoles-

cents, adolescents and adults in some detail. For children

and preadolescents, the objective is to highlight indications

for early treatment that are known to provide significant

benefit. For adolescents and adults, the goal is to outline

treatment possibilities that are discussed in detail in subse-

quent chapters.

TREATMENT PLANNING FOR PRESCHOOL
CHILDREN (PRIMARY DENTITION)

The same diagnostic process used for all other patients is

applicable to preschool children: an adequate database

should be assembled and utilized to develop a problem list.

The triage approach described previously can be applied

without difficulty and those with complex problems re-

ferred to specialists or treatment teams for evaluation.

Systematic description of a malocclusion in the pri-

mary dentition also follows the same five steps as for any

other malocclusion, and the comments in this and the fol

lowing sections of this chapter follow the sequence in the

Ackerman-Proffit approach: alignment and symmetry

within the arch are examined first and the impact of the

dentition on facial esthetics is considered,, then problems

related to the occlusal and jaw relationships in the three

planes of space are noted.

Alignment Problems
In the normal primary dentition, especially by age 5 and 6,

spacing between the incisors is normal and in fact is neces-

sary if the permanent incisors are to be properly aligned

when they erupt, because growth does not provide much in

the way of additional space for the larger permanent teeth

(see Chapter 4). If the primary incisors contact each other

proximally, one can confidently predict that the permanent

incisors will be crowded and irregular (Figure 7-15). Signif-

icant crowding in the primary dentition is rare. When this is

observed, extremely severe crowding will be present later in

the permanent dentition. The child with an adult-appearing
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FIGURE 7-15

	

A "Hollywood smile" in the primary dentition, with no spaces between the
primary incisors, guarantees insufficient room for the permanent incisors when they erupt
and therefore, severe crowding. A, Age 5: B, Age 8. (See Figure 3-39 for normal spacing of
primary incisors.)

smile at age 5 has space problems in his or her future, and
the family dentist should inform the parents of this.

Some dentists have theorized that when future crowd-
ing is obvious, very early expansion of the arches, in the pri-
mary dentition, would produce more stable long-term re
sults than later expansion. The idea is that expanding the
primary teeth would cause the permanent teeth to erupt in
already-expanded positions, and that the teeth are stable in
their eruption position. Unfortunately, no data exist to
support this theory, and in the presence of severe crowding,
further orthodontic treatment is certain to be required
even if very early expansion is carried out. This type of
treatment cannot be recommended.

When a preschool child loses primary teeth prematurely
because of caries or trauma, there can be an impact on the
position of the permanent teeth when they erupt, and
crowding or malalignment may occur. At one time it was
thought that the primary teeth were stable in their arch po-
sition until forces produced by erupting permanent teeth,
such as those generated by permanent first molars, were en-
countered. This is not the case." 1 Treatment planning guide-
lines for very early loss of a primary tooth are as follows.
1. Loss of a primary incisor. In most children, spaces are

present between the primary incisors, and the early loss of
an incisor will cause little if any change in the dentition.
Therefore space maintenance is not necessary. On the
other hand, prosthetic replacement of the teeth for es-
thetic reasons may need to be considered, especially since
the eruption of the permanent incisors will probably be
delayed if a primary incisor is lost at a very early age.

2. Loss of a primary canine. When a primary canine is lost,
the incisor teeth tend to shift laterally into this space,
creating a midline deviation and dental asymmetry. This
tendency is accelerated at the time the permanent in-
cisors begin to erupt but can develop within the primary
dentition. Fortunately, these teeth are infrequently lost
because of caries or trauma.

3. Loss of a primary first molar. Although space closure
after early loss of a first primary molar does not always
occur, development of asymmetry within the arch and

space loss are possible. When this happens, mesial
movement of posterior teeth in the maxillary arch and a
lateral and posterior shift of incisors in the mandibular
arch usually are responsible. For this reason, space
maintenance should be considered for a child who has
lost a primary first molar in the preschool years.

4. Loss of a primary second molar. The primary second
molar not only reserves space for the permanent second
premolars but its distal root also guides the erupting
permanent first molar into position. If the primary sec-
ond molar is lost prematurely, the permanent first mo-
lar will usually migrate mesially within the bone even
before it emerges into the oral cavity. A space-maintain-
ing device is needed that will both guide eruption of the
permanent first molar before its emergence and then
hold the first molar in proper position after occlusion is
established (see Chapter 13).

Incisor Protrusion-Retrusion
Sucking habits often persist throughout the primary denti-
tion period and may cause displacement of the incisors, typ-
ically forward in the upper arch and backward in the lower.
The incisor displacement produced by sucking habits is
usually self-correcting if the habit stops before permanent
teeth erupt. Rarely if ever is it necessary to plan any ortho-
dontic treatment to reposition the primary incisors.

Anterior crossbite occasionally occurs in the primary
dentition because of incisor interferences that cause an an-
terior shift of the mandible. If this occurs, it should be cor
rected in an effort to avoid hypertrophy of facial muscles
that can contribute to facial soft tissue asymmetry. Usually
this correction can be made merely by removing the inter-
ference, by either occlusal grinding or extracting the pri-
mary incisor if it is already near exfoliation (Figure 7-16).

Posterior Crossbite
Transverse problems, usually manifest as posterior cross-
bite from a narrow upper arch, are relatively common in
the primary dentition. Sucking habits tend to produce con-
striction of the upper arch, more in the primary canine than
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FIGURE 7-16

	

Anterior crossbite in the primary dentition often is caused by incisor interference
and a forward shift: A, initial contact position, B, habitual occlusion, after forward shift.

FIGURE 7-17

	

If the maxillary arch is relatively narrow, it is likely that a child will shift the jaw
laterally upon closure, producing an apparent unilateral crossbite. The basic problem is usually a
symmetric narrowing of the maxillary arch: A, initial contact position, B, habitual occlusion.

in the molar region, and occlusal interferences may then
lead to a functional shift of the mandible anteriorly and lat-
erally (Figure 7-17).

A unilateral crossbite in a preschool child almost al-
ways results, not from a true skeletal or dental asymmetry,
but from a symmetrically narrow maxilla combined with a
functional shift. Since preschool children do not have well
enough developed temporomandibular joints to have the
equivalent of the adult's centric relation position, it can be
time consuming and frustrating to try to determine where
the child would occlude if the mandible were not shifted
laterally. Usually a reproducible position can be identified,
but if this proves impossible, it is best to simply place the
mandible so that the midlines are correct and plan treat-
ment from this point. If intermolar width is satisfactory,
grinding the primary canines to eliminate deflective con-
tacts may be the only treatment required. If both molar and
canine widths are narrow, expansion of the upper arch is in-
dicated (see Chapter 13). This will provide additional space
in the maxillary arch and simplify future evaluation of the
occlusion because the functional shift has been eliminated.

Anteroposterior Discrepancies
Primary molar relationships are classified according to the
relationship of the distal surfaces of the upper and lower
second primary molars: flush terminal plane, the normal re-

lationship; distal step, with the lower molar distally posi-
tioned relative to the upper molar; and mesial step, with the
lower molar mesially positioned (see Chapter 3). Although
the mesial step relationship corresponds to a Class I molar
relationship in the permanent dentition, its presence at an
early age indicates the possibility of excessive mandibular
or deficient maxillary development. A distal step relation-
ship correlates with a skeletal Class 11 jaw relationship,
which in most children with mandibular deficiency can be
recognized by age 3.

By using growth modification treatment, it is possible
to correct distal step or mesial step dental relationships in
most primary dentition children relatively easily. Unfortu
nately, as growth continues, the discrepancy tends to recur
as quickly as it was corrected. For this reason, except in the
most severe cases, it is unwise to begin treatment for a
skeletal Class II or Class III problem in the primary denti-
tion. There is an adequate amount of growth remaining to
obtain the necessary correction if treatment is deferred
until the mixed dentition years.

Vertical Problems
Both deep bite and open bite malocclusions occur in the
primary dentition. Deep bite is usually associated with the
skeletal proportions that predispose to this condition: a rel-
atively short face with a square gonial angle and flat
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mandibular plane. Open bite, on the other hand, is often
seen in children who have good skeletal proportions but
sucking habits. If skeletal proportions are good, there is a
strong tendency for the anterior open bite to correct
spontaneously when the sucking habit ends. Vigorous ef-
forts to prevent a preschool child from sucking (using den-
tal appliances or other coercive approaches) are not war-
ranted in most cases. Up to age 5 or so, sucking habits are
unlikely to cause any long-term problems in children with
good skeletal jaw relationships. The use of orthodontic
appliances to actively close an open bite is not indicated in
the primary dentition. There is no reason to place an ap-
pliance, either to alter a habit or to move teeth, if the sit-
uation is likely to correct itself without any treatment. It is
also possible that an open bite is due to a skeletal discrep-
ancy of the long face type, characterized by increased
lower anterior facial height. Spontaneous correction of an
open bite is not likely to occur in these children. Growth
modification treatment, however, is not indicated for the
same reasons as for skeletal Classes II and III: if the prob-
lem is corrected in the primary dentition, it is likely to re-
cur relatively quickly when the active treatment is discon-
tinued. The same is true, of course, for skeletal deep bite
relationships.

In summary: in the primary dentition:
• malposed, crowded and irregular incisors are un-

common, but the absence of spaces between primary
incisors often indicates that there will be crowding
when permanent incisors erupt. No treatment is
indicated until the mixed dentition

• space should be maintained for missing primary
molars, but no anterior teeth

• posterior crossbites, particularly those with a lateral
shift of the mandible upon closure, should be treated
in the primary dentition, either by occlusal adjust-
ment or by maxillary expansion

• anterior crossbites caused by a forward mandibular
shift should also be treated early

• although skeletal anteroposterior and vertical
problems can be detected in the primary dentition,
treatment is indicated only for the most severe
problems

TREATMENT PLANNING FOR

PREADOLESCENTS (EARLY MIXED

DENTITION)

In contrast to the restricted number of indications for or-
thodontic treatment of preschool children, there are many
indications for orthodontic treatment in the mixed denti-
tion. For moderate problems, mixed dentition treatment
may be all that is necessary, and this type of treatment of-
ten can be provided in the family practice. Children with
complex problems whose treatment begins early usually re-
quire two phases of treatment, one in the mixed dentition
and a second in the early permanent dentition. This treat-
ment usually requires the expertise of a specialist.

Moderate Problems
Moderate problems in mixed dentition children, by our de-
finition, are those selected by the triage scheme described
previously. These consist entirely of dental problems re-
sulting from misplaced permanent teeth, with skeletal
problems and severe crowding problems excluded. Treat-
ment planning for these non-skeletal problems is discussed
in this section, and treatment procedures are described in
Chapter 13.

Space Problems
Missing Primary Teeth with Adequate Space: Space

Maintenance. If a primary first or second molar is missing,
if there will be more than a 6-month delay before the perma
nent premolar erupts, and if there is adequate space (because
there has been no space loss or because space regaining has
been completed) (see later in this section); then space main-
tenance is needed. Otherwise the space is likely to close spon-
taneously before the premolar can come into position.

Although space maintenance can be done with either
fixed or removable appliances, fixed appliances are pre-
ferred in most situations because they eliminate the factor
of patient cooperation. If the space is unilateral, it can be
managed by a unilateral fixed appliance (Figure 7-18). If
molars on both sides have been lost and the lateral incisors
have erupted, it is usually better to place a lingual arch
rather than two unilateral appliances.

FIGURE 7-18

	

Space maintenance after early loss of a second primary molar. A, Band and loop space
maintainer at age 8; B, same patient, age 11; C, same patient, age 12.
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Early loss of a single primary canine in the mixed den-

tition requires space maintenance or extraction of the con-

tralateral tooth to eliminate midline changes and the loss of

arch symmetry (Figure 7-19). In this circumstance, arch

length shortens as the incisor teeth drift distally and lin-

gually. If the contralateral canine is extracted, a lingual arch

space maintainer may still be needed to prevent lingual
movement of the incisors.

Localized Space Loss (3 mm or less): Space Regain-
ing. Potential space problems can be created by drift of

permanent incisors or molars after premature extraction of

primary canines or molars. In children who meet the crite-

ria for moderate problems (i.e., no skeletal or dentofacial

involvement), lost space can be regained by repositioning

the teeth that have drifted. Then, after the space discrep-

ancy has been reduced to zero, a space maintainer is neces-

sary to prevent further drift and space loss until the suc-

cedaneous teeth have erupted. A space maintainer alone is
not adequate treatment for a space deficiency.

Space regaining is most likely to be needed when pri-

mary maxillary or mandibular second molars have been lost

prematurely because of decay (Figure 7-20) or, rarely, be

cause of ectopic eruption of the permanent first molar. The

permanent first molar usually migrates mesially quite

rapidly when the primary second molar has been lost, and

in the extreme case may totally close the primary second

molar extraction site. If the primary second molar has been

lost prematurely in a single quadrant, up to 3 mm of space

may be regained by tipping the molar back distally. If space

FIGURE 7-19

	

Premature loss of one primary canine (for this
child the mandibular right primary canine) leads to drift of the
permanent incisors toward the affected side, creating an asymme-
try within the arch (A) and a midline discrepancy (B).

loss is bilateral, the limit of space regaining is about 4 mm

for the total arch, or 2 mm per quadrant.

Space regaining also may be indicated after early loss

of one mandibular primary canine, because space tends to

close as the incisors drift lingually and toward the affected

side (see Figure 7-19). Asymmetric activation of a lower

lingual arch usually is the best approach. Loss of a primary

canine usually occurs because of root resorption caused by

erupting lateral incisors without enough space, so it is im-

portant to be aware of the overall space deficiency, which

should not exceed 4 mm.

Techniques for using space regaining appliances are

presented in Chapter 13.

Generalized Moderate Crowding. A child with a

generalized arch length discrepancy of 2-4 mm and no pre-

maturely missing primary teeth can be expected to have

moderately crowded incisors. Unless the incisors are se-

verely protrusive, the long-term plan would be generalized

expansion of the arch to align the teeth. The major advan-

tage of doing this in the mixed dentition is esthetic, and the

benefit is largely for the parents, not the child.

If the parents strongly desire early treatment, in the

mandibular arch, an adjustable lingual arch is the appliance

of choice for simple expansion. In the maxilla, either a re

movable appliance or a lingual arch can be employed. Keep
in mind, however, that rotated incisors usually will not

correct spontaneously even if space is provided, so early cor-

rection would require bonded attachments for these teeth.

Irregular/Malpositioned Incisors
Spaced and Flared Maxillary Incisors.

	

In children

with spaced and flared maxillary incisors who have Class I

molar relationships and good facial proportions, space

analysis should show that the space available is excessive

rather than deficient. Retracting the incisors reduces the

chance of trauma to these teeth, and these children may

benefit esthetically.

If the upper incisors are flared forward and there is no

contact with the lower incisors (Figure 7-21), the protrud-

ing upper incisors can be retracted quite satisfactorily with

a simple removable appliance. This condition often is

found in the mixed dentition after prolonged thumbsucking

FIGURE 7-20

	

After early loss of a primary second molar,
mesial drift of the permanent first molar nearly always occurs
rapidly, as in this child.
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FIGURE 7-21

	

Flared and spaced maxillary incisors in a child with vertical clearance (i.e.,
open bite or incomplete overbite [no occlusal contact of the incisors even if they overlap]) can
be corrected by tipping the incisors lingually with a removable appliance. If there is occlusal
contact, however, even if there is not a deep overbite, a fixed appliance that gives vertical
control of the incisors is needed to close the spaces.

FIGURE 7-22

	

A, A maxillary central diastema of more than 2 mm is unlikely to completely
close spontaneously, but the space often decreases when the permanent canines erupt. Surgical re-
vision of the frenal attachment may or may not be required. The preferred treatment is to move
the teeth together at about the time the permanent canines are erupting and decide about frenum
surgery at that point. B, Closing a diastema of this severity requires correction of the deep over-
bite before the separated teeth can be brought together. A surgical frenectomy would be required
as part of the treatment plan for this patient but is most effective if done after the teeth have been
brought together.

and frequently occurs in connection with some narrowing
of the maxillary arch. A thumb or finger habit should be
eliminated before attempting to retract the incisors. Phys-
iologic adaptation to the space between the anterior teeth
requires that the tongue be placed in this area to seal off the
gap for successful swallowing and speech. This "tongue
thrust" is not the cause of the protrusion or open bite and
should not be the focus of therapy. If the teeth are re-
tracted, the tongue thrust will disappear.

On the other hand, if there is a deep overbite anteri-
orly, protruding upper incisor teeth cannot be retracted un-
til it is corrected. The lower incisors biting against the lin
gual of the upper incisors prevents the upper teeth from
being moved lingually. Even if antero-posterior jaw rela-
tionships are Class 1, a skeletal vertical problem may be
present, and complex treatment is likely to be required.

Maxillary Midline Diastemo.

	

A maxillary midline di-
astema (Figure 7-22) can pose a special management prob-
lem. Small spaces between the maxillary incisors are nor
mal before eruption of the maxillary canines (see Chapter 4
and the discussion of the "ugly duckling" stage of develop-

ment). In the absence of deep overbite, these spaces nor-
mally close spontaneously. If the space between the maxil-
lary central incisors is greater than 2 mm, however, sponta-
neous closure is unlikely. 12 Persistent spacing between the
incisors correlates with a cleft in the alveolar process be-
tween the central incisors into which fibers from the max-
illary labial frenum insert. For larger diastemas, it may be
necessary to surgically remove the frenal attachment to ob-
tain a stable closure of the midline diastema.

The best approach, however, is to do nothing until the
permanent canines erupt unless crowding is an issue. If the
space does not close spontaneously at that time, an appliance
can be used to move the teeth together, and a frenectomy
should be considered then if there is excessive tissue bunched
up in the midline. Early frenectomy should be avoided.

Anterior Crossbite. Anterior crossbite, particularly
crossbite of all the incisors, is rarely found in children who
do not have a skeletal Class III jaw relationship. A crossbite
relationship of one or two anterior teeth, however, may
develop in a child who has good facial proportions. The
maxillary lateral incisors tend to erupt to the lingual and
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may be trapped in that location, especially if there is not

enough space (Figure 7-23). In this situation, extracting the

adjacent primary canine prior to complete eruption of the

lateral incisor usually leads to spontaneous correction of

the crossbite. Lingually positioned incisors limit lateral jaw

movements and they or their mandibular counterparts

sometimes suffer significant incisal abrasion, so early cor-

rection of the crossbite is indicated.

It is important to evaluate the space situation before

attempting to correct any anterior crossbite. The progno-

sis for successfully pushing a 7 mm maxillary lateral incisor

into a 4 mm space is not good. Frequently, even if there is

enough space overall within the arch, it is necessary to re-

move the maxillary primary canines prematurely to bring

lateral incisors out of crossbite. If enough space is avail-

able, a maxillary removable appliance to tip the upper in-

cisor(s) facially is usually the best mechanism to correct a

simple anterior crossbite. A space maintainer will be re-

quired until the remaining permanent teeth erupt. Rota-

tional changes and bodily movement are not effectively

produced by removable appliances and require fixed appli-
ance therapy.

Posterior Crossbite. Posterior crossbites in mixed

dentition children usually result from a narrowing of the

maxillary arch and are often observed in children who have

had prolonged sucking habits. If the child shifts on closure,

early correction is indicated. If not, there is no compelling

reason for early correction. Especially if other problems

suggest that comprehensive orthodontics will be needed

later, treatment can be deferred until adolescence.

Both removable and fixed appliances can be effective in

correcting posterior crossbites (Figure 7-24). Whether a
fixed or removable appliance is used, the maxillary arch

should be slightly overexpanded and then held passively in

this overexpanded position for approximately 3 months be-

fore the appliance is removed. Techniques for both remov-

able and fixed appliances to expand the maxillary arch are

illustrated in Chapter 13.

Anterior Open Bite.

	

A simple anterior open bite is

one that is limited to the anterior region in a child with

good facial proportions. The major cause of such an open

bite is prolonged thumbsucking, and the most important

step in obtaining correction is to stop sucking habits if they

are present. For this purpose, behavior modification tech-

niques are appropriate. Several approaches are possible (see

Chapter 13). If an intra-oral appliance is needed, the pre-

ferred method is a maxillary lingual arch with an anterior

crib device, making it extremely difficult for the child to

FIGURE 7-23

	

Anterior crossbite, in the absence of a jaw discrepancy, usually arises as maxillary
lateral incisors erupt somewhat lingually, then are deflected further to the lingual because of lack of
enough space to move facially into their normal space in the arch. The effect on facial (A) and dental
(B, C) esthetics, as in this child at age 8, often is enough to lead the parents to seek orthodontic advice.
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FIGURE 7-24

	

For this patient, 5 mm lateral expansion of the maxillary molars allowed correc-
tion of the posterior crossbite and also produced an increase in arch circumference that assisted in
alignment of the crowded incisors (A, Pretreatment; B, posttreatment). For most patients, lateral
expansion of the molars is stable, but whether this can be done for an individual patient depends on
the characteristics of the malocclusion.

FIGURE 7-Z5

	

Correction of anterior open bite after cessation of thumbsucking. A, Open
bite in an 8-year old thumbsucking girl before treatment; B, crib appliance in place, C, improve-
ment in open bite after 3 months; D, correction of open bite and crib removed after 6 months.

place the thumb or other object in the mouth (Figure 7-25).
It is important to present such a device to the child as an
aid, not as a punishment, and to provide psychological sup-
port to help him or her adjust to it.

In about half of the children for whom such a crib is
made, thumbsucking stops immediately and the anterior
open bite usually begins to close relatively rapidly thereafter.
In the remaining children, thumbsucking persists for a few
weeks, but the crib device is eventually effective in extin-
guishing thumbsucking in 85% to 90% of patients.'3 It is a
good idea to leave the crib in place for 3 to 6 months after the
habit has apparently been eliminated. Further details on fab-
rication and use of this appliance are provided in Chapter 13.

Over-Retained Primary Teeth and Ectopic Erup-
tion. The eruption of a permanent tooth can be delayed if
its primary predecessor is retained too long. When this hap
pens, the obvious treatment is to remove the primary tooth.
As a general guideline, a permanent tooth should erupt
when approximately three-fourths of its root is completed.
If root formation of the permanent successor has reached
this point while a primary tooth still has considerable root
remaining, the primary tooth should be extracted. This
problem is most likely to arise when the permanent tooth
bud is slightly displaced away from its primary predecessor
(as in the canine ectopic eruption problems discussed next).
In some children, the pace of resorption of the primary
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FIGURE 7-26

	

A, Extreme displacement of the maxillary left second premolar at age 13, after long-
term ankylosis of the secondary primary molar. Note the space loss as the first molar has tipped
mesially over the extraction of the ankylosed primary molar. B, The upper left second molar has been
extracted to allow the first molar to be moved distally, opening space for the premolar now erupting;
C, second premolar in place at age 15, despite the root dilaceration.

teeth is slow, for whatever reason, and occasionally almost

all the primary teeth have to be removed to allow timely

eruption of their permanent successors.

If a primary tooth is removed quite prematurely, a layer

of relatively dense bone and soft tissue may form over the

unerupted permanent tooth (see Figures 7-18 and 7-19).

This usually delays but does not prevent the eruption of the

permanent tooth, and intervention is rarely indicated. If

eruption of a permanent tooth has been delayed until its

root formation is complete, it may still erupt on its own and

should be given a chance to do so. It may be necessary,

however, to place an attachment on it and gently pull it into

the arch (Figure 7-26) (see Chapter 14).

The eruption of permanent molars and canines can be

delayed by malposition of the permanent tooth (ectopic

eruption). The most common site is the maxillary molar

region, where the second primary molar blocks the first

permanent molar and suffers root resorption in the

process (Figure 7-27). 14 If the permanent molar does not

self-correct (and it usually does), it should be repositioned

as described in Chapter 13 or, if all else fails, the primary

molar extracted. If the primary molar is extracted, rapid

space loss will result in a need for space regaining or pre-

molar extraction.

Ectopic eruption of maxillary canines, which occurs

relatively frequently, can permanently damage the roots of
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FIGURE 7-27

	

Ectopic eruption of the permanent first molar pro-
duces resorption of the distal root of the primary second molar.

lateral incisors (Figure 7-28). The abnormal eruption path
may also leave the unerupted canine in a lingual position
nearer the midline than normal. It is much easier to prevent
these problems than to correct them later. Research has
shown that extracting the maxillary primary canines when
radiographs disclose that the permanent canines are over-
lapping the permanent lateral incisor roots is likely to have
a positive influence on the permanent tooth's eruption path
(although the more the overlap, the less the chance of even-
tual normal eruption). Is

Severe Problems
Severe problems in mixed dentition children fall into three
major categories: (1) skeletal discrepancies, (2) dentofacial
problems related to incisor protrusion, and (3) space dis-
crepancies of 5 mm or more. These patients usually require
a second stage of treatment after permanent teeth erupt, so
mixed dentition treatment is aimed at improving rather
than comprehensively treating the severe problems.

Skeletal Problems.

	

Children with jaw discrepancies
often can be helped considerably by application of growth
modification techniques. The key to growth modification
is treatment while adequate growth remains, which does
not necessarily mean that mixed dentition treatment is
needed. Girls mature faster than boys and must be treated
earlier. Treatment planning for growth modification is dis-
cussed in Chapter 8, and the appropriate treatment tech-
niques are described in Chapter 15.

Dentofacial Problems Related to Incisor Protrusion.
Excessive protrusion of incisors (bimaxillary protrusion, not
excessive overjet) is usually an indication for premolar ex
traction and retraction of the protruding incisors. Because of
the profile changes produced by adolescent growth, it is bet-
ter for most children to defer extraction to correct protru-
sion until late in the mixed dentition or early in the perma-
nent dentition. It is definitely an error to begin extraction

early and then allow the permanent molars to drift forward,
because this will make effective incisor retraction impossible.
A further discussion of this topic is presented in Chapter 8,
as part of the discussion of "the great extraction contro-
versy." Techniques for controlling the amount of incisor re-
traction are described in Chapter 17.

Space Discrepancies of 5 mm or More.

	

Common
sense indicates that the larger the space discrepancy, the
greater the chance that extraction of some teeth will be
necessary to align the remaining ones. It is not possible to
say with certainty that any given amount of arch length dis-
crepancy is the borderline between extraction and nonex-
traction treatment. As a general guideline, however, one
can say that:

• Space discrepancies up to 4 mm usually can be re-
solved without extraction (except for third molars)

• Discrepancies in the 5 to 9 mm range sometimes are
best treated without extraction but often require ex-
traction of some teeth other than third molars

• Children with space discrepancies of 10 mm or
greater almost always require premolar extraction, re-
gardless of what happens to third molars at a later date

The decision as to whether more than 4 mm of arch ex-
pansion is likely to be acceptably stable must be made on
the basis of the patient's potential for lateral as well as an
terior arch expansion. One possibility for arch expansion is
to round out the arch form, expanding in the premolar re-
gion of the arch. Obviously, therefore, a patient with a nar-
row, V -shaped arch would have more potential for lateral
expansion than an individual who already had oval arches.
Growth potential also should be considered, since individ-
uals who develop a rather large nose and chin can tolerate
greater anterior expansion, in terms of the effect on esthet-
ics, than those who do not.

It can be argued that arch expansion is more success-
ful if it is done relatively early in the mixed dentition, 1 6 and
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FIGURE 7-28

	

When maxillary canines erupt mesial to the roots of the primary canines, as often
occurs, there is a risk of damage to the lateral incisors. Early extraction of the primary canines is
recommended when the permanent canines are mesial to the midline of the primary canine crowns.
A, Age 8, B, age 12 in a child who had no intervention until the erupting canines had severely dam-
aged the lateral incisors; C, age 8; D, age 10 in a child in whom mesial movement of the permanent
canines continued and led to severe damage; E, age 9, mesial position of canines that indicates early
extraction of the primary canines; F, age 11 in same patient, showing reasonably normal eruption of
the canines without damage to the lateral incisors, after the early extraction of the primary canines.
(A-D, courtesy Dr. K. Lieberman.)

this treatment approach became popular in the 1990s. No
good documentation of long-term results exists, however.
It is possible to maintain the leeway space (the difference
in size between primary second molars and second premo-
lars) when the primary molars are exfoliated, 17 and if arch

expansion is the plan for moderate crowding, it seems wise
to begin in the late mixed dentition to be sure leeway space
is not lost.

In some instances, it may be difficult to make the deci-
sion between arch expansion and premolar extraction for
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crowded cases. Treatment planning for such patients
should consist of an initial though relatively conservative
attempt to expand the arches, while evaluating the result. If
the patient tolerates arch expansion well and does not
develop excessive incisor protrusion, expansion treatment
ultimately may be successful in spite of a relatively large

discrepancy. On the other hand, if the expansion proceeds
with difficulty and the signs of excessive arch expansion
(primarily incisor protrusion and labial tipping of the teeth)
begin to appear, uncertainty about the correctness of a
decision to extract teeth has been removed (Figure 7-29).
Extraction versus nonextraction treatment and how treat-

FIGURE 7-29

	

A patient with moderate crowding and protrusion in whom nonextraction treatment
was attempted initially, and then premolars were extracted to reduce excessive protrusion. A, D, Prior to
treatment; B, E, after nearly 2 years of treatment, with the arches aligned. The excessive dental protru-
sion is apparent in the facial appearance. This is both unesthetic and unstable, and it was clear that
premolar extraction was required for better esthetics and stability; C, F, At the completion of treatment;
G, H, cephalometric superimpositions from the beginning of treatment to the extraction decision, and
from that point to the completion of treatment. (Courtesy Dr. J.L. Ackerman.)
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ment response can be used to improve the chance of a cor-

rect decision in borderline situations are discussed in some

detail in Chapter 8.

Serial Extraction.

	

Since the extraction of primary

canines eliminates crowding of permanent incisors in the

mixed dentition, it is tempting to extract these teeth when

early incisor crowding develops. After the primary canines

are removed, if permanent first premolars can be extracted

before the permanent canines and second premolars erupt,

the permanent canines will erupt distally and the extraction

spaces may all but close spontaneously. This approach,

called "serial extraction," was developed in Europe in the

1930s and at times has been widely advocated as a simple

way of dealing with severe space problems.

In its classic form, serial extraction applies to patients

who meet the following criteria: (1) no skeletal dispropor-

tions, (2) Class I molar relationship, (3) normal overbite,

and (4) large arch perimeter deficiency (10 mm or more).

The procedure consists of four steps:

• Extraction of primary lateral incisors as the perma-

nent central incisors erupt (if necessary, since this of-

ten happens spontaneously in severely crowded cases)

• Extraction of primary canines as the permanent lat-

erals erupt

• Extraction of primary first molars, usually 6 to 12

months before their normal exfoliation, at the point

when the underlying premolars have one half to two

thirds of their roots formed

• Extraction of the permanent first premolars before

eruption of the permanent canines (Figure 7-30) 18

Because an average first premolar is 7 to 8 mm wide,

premolar extraction creates 14 to 16 mm of space in the

arch. Only with extremely severe crowding of 10 mm or

more is there a chance of a reasonably satisfactory result

from serial extraction alone. After serial extraction, the in-

cisors tend to drift lingually, and posterior teeth tend to

drift mesially to some extent, typically leading to 2 to 3 mm

of space closure in each quadrant or 4 to 6 mm total. The

FIGURE 7-30

	

Stages in serial extraction. A, Extraction of primary canines as permanent

laterals erupt. B, Extraction of primary first molars 6 to 12 months before normal exfolia-
tion. C, Extraction of first premolars as they are just emerging before the canines erupt.
D, Spontaneous space closure as the canines erupt distally and molars/premolars drift
mesially. The goal is to transfer the incisor crowding posteriorly to the premolar extraction
site, and the key to success is extraction of the first premolars before the canines erupt.
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FIGURE 7-31

	

Results of early premolar extraction: A, severe crowding with maxillary and mandibular
canines nearly blocked out of the arch; B, improvement in alignment after extraction of first premolars;
C, lateral view of casts, showing failure of the extraction spaces to close completely despite the severity of
the crowding. Note also the deepening of the bite anteriorly. Excellent occlusion is unlikely to develop in
a patient who has only extractions, despite the significant improvement in alignment that may occur.

FIGURE 7-32 Sequential panoramic films in a child with
severe crowding treated by serial extraction. Note the distal
movement of the canines into the first premolar extraction spaces.

remainder of the space, approximately 10 mm, is available
for resolution of the crowding. Residual spaces will remain
at the extraction sites if the original discrepancy was much
smaller than that.

If it is clear that extraction is required, serial extrac-
tion in a patient with a relatively small discrepancy may
simplify later treatment, even though closing residual
spaces with fixed appliances certainly will be required
(Figure 7-31). If the space discrepancy is large enough and
if everything can be timed perfectly, serial extraction can
produce total space closure and reasonably good align-
ment of the teeth without any orthodontic appliance ther-
apy at all (Figure 7-32). However, such a favorable out-
come is rare, and cannot be relied on. Even with large
discrepancies the vast majority of patients undergoing se-
rial extraction require a period of fixed appliance treat-
ment to achieve good alignment, interdigitation, and root
paralleling.

In rare instances, a child with good skeletal propor-
tions will have a Class II molar relationship and severe max-
illary but not mandibular incisor crowding. This condition
arises, of course, when upper posterior teeth have slipped
mesially. In this circumstance, a modification of the serial
extraction procedure to encompass only the maxillary arch
can be helpful. l9 Serial extraction should be avoided in any
child who has a skeletal Class II jaw discrepancy.

TREATMENT PLANNING FOR
ADOLESCENTS (LATE MIXED
AND EARLY PERMANENT DENTITION)

Orthodontic treatment traditionally has been carried out in
early adolescence, soon after the succedaneous teeth have
erupted. This is the ideal time for comprehensive treat-
ment of dental crowding and malalignment, but highly de-
veloped clinical judgment and skill in the use of fixed ap-
pliances are required. Most of this treatment, therefore, is
done by orthodontic specialists.
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Alignment Problems
Crowding and Protrusion.

	

When there is crowding
in the early permanent dentition, an accurate space analy-
sis can be carried out directly, without the necessity for pre
dicting the size of unerupted teeth. In this age group, how-
ever, it remains true that it is necessary to evaluate the
amount of protrusion as well as the amount of crowding to
totally evaluate the space situation. Crowding and protru-
sion in the permanent dentition are interrelated, just as
they are in the mixed dentition.

A significant difference between mixed dentition and
early permanent dentition patients is that the simple appli-
ances that can be used to solve space problems in the mixed
dentition are no longer effective after the permanent teeth
have erupted. Whether a patient in the early permanent
dentition is to be treated by arch expansion or by extrac-
tion, a bonded or banded fixed appliance is needed to posi-
tion the teeth correctly. Removable appliances of all types,
along with lingual arches and other round wire or partially
fixed appliances, are effective only for tipping teeth to new
positions. If the permanent teeth have been allowed to
erupt completely while still malaligned, it is rare that a sat-
isfactory result can be obtained without using an ortho-
dontic appliance that can change root positions. Just tip-
ping the crowns to a new location is not enough. If
extraction is required to provide enough space, root move-
ment is required to satisfactorily close the space.

With the possible exception of the maxillary central in-
cisors, any tooth can be chosen for extraction to provide
space for others. The amount of space available to correct
crowding is greatest when a first premolar, canine, or in-
cisor is extracted, because crowding usually occurs in the
anterior part of the dental arch. If a more posterior tooth is
selected for extraction, greater amounts of space will in-
evitably be lost as molars slip forward rather than canines
and premolars moving distally. The amount of space avail-
able for relief of crowding after the extraction of various
teeth is summarized in Table 7-1. Note that extraction
space can be used either to relieve crowding or to retract

protruding incisors. Examination of the table shows that
extraction of first premolars provides the greatest flexibil-
ity in terms of closing space from the front posteriorly or
from the rear anteriorly, which of course is a major reason
for this being the most frequent extraction. In contrast, lit-
tle useful space for either purpose is provided by second
molar extraction. The general topic of extraction treatment
is discussed in more detail in Chapter 8.

Tooth Size Discrepancies. Data from tooth size
analysis become available for the first time when the suc-
cedaneous teeth erupt. A tooth size discrepancy of less than
1.5 mm is usually insignificant, but larger discrepancies
create a problem that must be solved in the development of
a treatment plan. There are five possible approaches: z°
(1) compensate for a small size differential by changing the
inclination of the incisors; (2) reduce the width of some
teeth by interproximal stripping of enamel, (3) build up the
width of an anomalously small tooth or teeth by adding
composite resin or a crown; (4) alter the normal extraction
plan to compensate for size discrepancies (for instance, by
extracting anomalously large lower second premolars
rather than first premolars in what would otherwise be a
first premolar extraction case); or (5) accept a small space in
one of the arches, usually distal to the lateral incisors.

Before one of the possible plans is accepted, it is im-
portant to determine whether the discrepancy is caused by
a variation in one of the teeth or a generalized size differ
ence between upper and lower teeth. This determination
can be accomplished by Bolton analysis (see Chapter 6).
The usual culprits in tooth size problems are the upper
lateral incisors, but second premolars in both arches also
vary in size. Reducing or building up lateral incisors, if
these are the source of the discrepancy, is the best ap-
proach. It is less easy to alter the width of premolars, and
one of the other solutions may be required. A diagnostic
setup (Figure 7-33) (i.e., resetting the teeth after cutting
them off the cast and modifying them) is usually needed
to verify that a proposed treatment plan for tooth size
discrepancy can succeed.

TABLE 7-1

	

Space from Various Extractios*

Transverse Problems
Transverse problems in the adolescent age group, as in
younger patients, are most likely the result of a narrow
maxillary arch. The necessary maxillary expansion may be
approached either skeletally or dentally, depending on the
anatomic basis of the problem. The basis of skeletal maxil-
lary expansion is opening the midpalatal suture by applying
heavy force across the suture, stimulating the formation of
additional bone at that location. This can produce skeletal
changes either rapidly (days) or more slowly (weeks). This
form of growth modification treatment is discussed in more
detail in Chapter 8.

The maxillary arch also can be widened by dental ex-
pansion with fixed or removable appliances. Whenever a
removable appliance is used for arch expansion, it is ex
tremely important to retain it tightly with excellent clasps.
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FIGURE 7-33

	

Resetting the teeth to directly evaluate how they would fit together usually is needed
to verify that a plan for correcting tooth size discrepancy could succeed. For this patient with dental pro-
trusion, mandibular but not maxillary incisor crowding, and a tooth size discrepancy due to small maxil-
lary incisors (A and B), a setup showed that good occlusion could be obtained with extraction of one lower
incisor and four first premolars (C to F). Note that the terminal molars have been left in place on the setup
casts, so that the planned amount of forward movement of the posterior teeth can be seen.

Although a screw device in a removable appliance can
widen the arch, this will occur largely by tipping the teeth
facially and should not be considered a substitute for the
fixed expansion devices used for palatal expansion. Better
control of dental expansion is usually achieved with a rela-
tively flexible lingual arch.

Single tooth crossbites or true unilateral asymmetries
of the dental arch are usually best corrected by cross elas-
tics (i.e., elastics from the lingual of one arch to the buccal
of the other) in the affected area (Figure 7-34), provided
that there is not a skeletal vertical problem that the elastics
could aggravate. Reciprocal tooth movement will result if
one tooth is pitted against another. Differential unilateral

FIGURE 7-34

	

Cross-elastics from the maxillary lingual to the
mandibular labial can be used to correct a single-tooth crossbite.
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maxillary expansion can be achieved by placing a lower

fixed appliance and using cross elastics from the stabilized

lower arch to the maxillary teeth on the affected side. This

concept of anchorage reinforcement for differential tooth

movement is discussed in more detail in Chapter 10.

True skeletal asymmetries in the adolescent age group

pose an extremely difficult problem. A possible plan for

moderately severe asymmetry is a hybrid functional appli-

ance (see Chapter 15), but surgery is often required.

Anteroposterior Problems
The preferred treatment for skeletal problems, whatever

the plane of space, is always growth modification. For

greatest success, growth modification treatment should be-

gin before the adolescent growth spurt, and the amount of

remaining growth must be evaluated carefully before treat-

ment is planned for an adolescent. Girls mature earlier than

boys, and it is possible that by the time a girl's permanent

teeth have erupted, it is too late for effective growth mod-

ification. A second plan for correcting anteroposterior dis-

crepancies is to camouflage them by differential movement

of upper and lower incisors. If the problem is severe, a third

option is surgical repositioning of the jaws. These possibil-

ities are discussed in Chapter 8.

Occasionally a patient who has neither a skeletal jaw

discrepancy nor space problems may have excessive overjet

because of maxillary incisor protrusion combined with

mandibular incisor retrusion. Such cases are rare, unfortu-

nately, since they can be described as "the orthodontist's

dream." Essentially any appliance ever invented, coupled

with Class II elastics or their equivalent, is capable of cor-

recting such problems. The cases used to illustrate the

wonder of many simplistic appliances will be found on

close examination to fall into this category.

Vertical Problems
The major vertical problems of adolescents are anterior

open bite and anterior deep bite, both of which are likely

to be seen in combination with some anteroposterior

problem. As a child becomes older, it is more and more

likely that malocclusion in the vertical plane of space, as in

the anteroposterior plane of space, is related to skeletal jaw

proportions and not just to displacement of the teeth.

Eruption problems are also likely to be more serious in this

age group.

Anterior Open Bite.

	

The skeletal indications of an-

terior open bite are increased anterior face height and a

steep mandibular plane, both of which reflect excessive ver

tical growth of the maxilla and rotation of the mandible;

and excessive eruption of posterior teeth . Z1 Because of the
downward and backward rotation of the mandible, the pa-

tient is likely to have a Class II jaw relationship in addition
to the vertical problem. Growth modification treatment,

discussed in more detail in Chapter 8, focuses on control-

ling both the vertical maxillary growth and eruption in

both arches.

In younger children, the major cause of anterior open

bite is sucking habits or other environmental influences.
Spontaneous correction of open bites caused by these

habits often occurs during the mixed dentition and can be

facilitated by relatively simple treatment. By the time ado-

lescence is reached, however, environmental causes of an-

terior open bite are less important than skeletal factors

(Figure 7-3 5). It is rare for anterior open bite in an adoles-

cent to be due solely to some habit, or for the open bite to

correct spontaneously at this age after a habit has been cor-
rected.

In the past, tongue thrust swallowing was blamed for

many anterior open bites in this age group, and efforts at

training the patient to swallow correctly were used in an at

tempt to control anterior open bite problems. Contempo-

rary research, however, makes it clear that tongue thrust

swallow is more an adaptation to the open bite than the

cause of it (see Chapter 3). Myofunctional therapy for

tongue thrusting, for that reason, is ineffectual and not rec-

ommended. The appropriate growth modification therapy

is discussed in Chapter 8.

Deep Overbite. Anterior deep bite problems may
result from an upward and forward rotation of the

mandible, or from excessive eruption of mandibular incisor

teeth. Super-eruption of lower incisors often accompanies

a Class II malocclusion, because when there is excessive

overjet, the lower incisors tend to erupt until they contact

the palatal mucosa. In comprehensive orthodontic treat-

ment, usually it is necessary to correct this elongation of

the lower incisors, by leveling out an excessive curve of

Spee in the lower arch. In an adolescent whose face height

is still increasing, it is only necessary to prevent further

FIGURE 7-35

	

Anterior open bite in a 13-year-old girl. Every
individual with this degree of anterior open bite uses the tongue
to seal the anterior opening, and therefore can be labeled as hav-
ing a tongue thrust swallow. It is unlikely in this age group that an
open bite problem results primarily from a habit. Note the signs
of skeletal vertical dysplasia, including the steep mandibular plane
angle, rotation of the maxilla, and increased lower face height.



FIGURE 7-36

	

Impacted maxillary canines: A, mild displacement with good prognosis, especially
if the primary canine is extracted now; B, impaction with minimal displacement from space shortage,
with good prognosis; C, severe displacement with guarded prognosis for orthodontic correction. Im-
mediate extraction of the primary canine is indicated in this patient.
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eruption of the lower incisors as vertical growth continues
to achieve a relative intrusion (see Figure 7-6). Continuous
arch mechanics are appropriate. In the absence of growth,
however, absolute intrusion is required, and segmented
arch mechanics must be used to achieve this (see Figures
7-1 to 7-4, and the discussion of treatment procedures in
Chapters 10, 16, and 21).

Correction of skeletal deep bite problems requires ro-
tating the mandible downward, thereby increasing the
mandibular plane angle and anterior face height. One must
keep in mind that in a patient with short anterior facial di-
mensions and a skeletal deep bite, rotating the mandible
downward to correct the deep bite will reveal a skeletal
mandibular deficiency. Thus the growth modification tech-
niques necessary to deal with this problem are typically
those for correction of mandibular deficiency.

Eruption Problems.

	

Failure of a permanent tooth to
erupt creates a severe orthodontic problem. A localized
problem is typically created either by displacement of a
permanent tooth from its normal eruption path so that the
tooth becomes impacted (usually a maxillary canine) (Fig-
ure 7-36) or by trauma that leads to ankylosis (usually a
maxillary incisor) (Figure 7-3 7). A generalized problem im-
plies an abnormality in the eruption mechanism.

Impacted Teeth.

	

An impacted canine or other tooth
in a teenage patient can usually be brought into the arch by
orthodontic traction after being surgically exposed. In
older patients, there is an increasing risk that the impacted
tooth has become ankylosed. Even adolescents have a risk
that surgical exposure of a tooth will lead to ankylosis.

In planning treatment for an impacted permanent
tooth, three principles should be followed: (1) The prog-
nosis should be based on the extent of displacement and the
surgical trauma required for exposure. As a rule, the greater
the displacement and the greater the trauma, the poorer
the prognosis. Extraction of a severely impacted tooth and
orthodontic space closure or prosthetic replacement may
be better judgment than heroic efforts to bring the tooth
into the arch. (2) During surgical exposure, flaps should be
reflected so that the tooth is ultimately pulled into the arch

through keratinized tissue, not through alveolar mucosa.
(3) Adequate space should be provided in the arch before
attempting to pull the impacted tooth into position.

If a tooth is severely impacted, surgical transplantation
is a possible treatment approach. This involves removing
the tooth, creating a socket at the appropriate site in the
arch, and replanting the tooth in its correct position. Ex-
ternal root resorption often ensues after transplantation
and is the major cause of failure. Approximately two thirds
of transplanted teeth are functional for 5 years, but only
about one third are retained for 10 years. 21 Orthodontic
movement is preferable if it is possible.

Generalized Eruption Failure.

	

An eruption delay that
affects several teeth in an adolescent patient is an ominous
sign. If the problem is a mechanical interference with erup
tion (see Chapter 4), the obvious treatment plan is to remove
the interference and proceed with orthodontic therapy.

The condition called "primary failure of eruption" 24
(Figure 7-38) results from a failure of the eruption mecha-
nism itself (see Chapter 3). Unfortunately, not only do the
involved teeth not erupt spontaneously, they do not re-
spond to orthodontic force and cannot be pulled into the
arch. Since prosthetic replacement is the only practical so-
lution, it is fortunate that the condition is rare.

Traumatic Dental Displacement and Ankylosis
Trauma to the face can create orthodontic problems that
require immediate treatment. Displacement of a trauma-
tized tooth occurs because the alveolar bone moves and
takes the teeth with it, usually as fractures occur within the
alveolar process. In addition to possible root fractures and
loss of pulp vitality, trauma to incisor teeth carries with it a
significant risk of ankylosis. If even a small part of the peri-
odontal ligament is obliterated during subsequent healing
so that cementum of the root fuses to bone, neither further
eruption nor orthodontic tooth movement will be possible.

The best treatment after traumatic displacement is to
use orthodontic force to gently reposition the tooth or
teeth, bringing them back into position over a period of a
few days, so that the bone heals with the teeth in proper

FIGURE 7-37

	

Ankylosis of maxillary incisors after trauma. A, At age 11; B, at age 13. Note
the failure of the upper left central and lateral incisors to erupt. The fractured right central has
been restored.
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FIGURE 7-38

	

Primary failure of eruption in all four quadrants. A, Cephalometric film
showing marked posterior open bite; B, panoramic film showing failure of teeth to erupt de-
spite the lack of any obvious mechanical obstruction. Because their periodontal ligament is ab-
normal, the involved teeth cannot be moved orthodontically.

position.25 Because of the risk of ankylosis, the reposition-
ing should be completed within two weeks. This treatment
is discussed further in Chapter 14.

If the traumatized teeth do become ankylosed, extraction
followed by prosthetic replacement usually is the only choice.
The one possible alternative, which often is not feasible, is a
small segment osteotomy to reposition both the ankylosed
tooth and the adjacent alveolar bone (see Chapter 20). This
procedure should not be done until growth is completed.

TREATMENT PLANNING FOR
ORTHODONTIC PROBLEMS IN ADULTS

Orthodontic treatment for adults can be either compre-
hensive in scope or limited in its objectives (adjunctive to
other treatment). Adjunctive treatment is often within the

scope of general dental practice and can be of considerable
importance in the management of adults with periodontal
disease and restorative needs.

Adjunctive vs. Comprehensive Treatment
The same triage approach used for children applies to
adults for whom comprehensive orthodontic treatment is
contemplated: those with skeletal discrepancies should be
separated from those with dental problems, and the dental
problems should be evaluated by their severity.

In adults, however, some orthodontic treatment may
be needed as a part of restorative and periodontal treat-
ment, regardless of whether major changes in the occlusion
are desired. Adjunctive procedures for adults can be de-
fined as those aimed at improving a specific occlusal char-
acteristic, as part of an overall treatment plan usually in-
volving major components of periodontal and restorative
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FIGURE 7-39

	

Steps in orthodontic triage, adults.

treatment. Relatively simple orthodontic appliances are
typically involved and applied only to a specific part of the
arch. Comprehensive orthodontic treatment, in contrast,
nearly always involves a complete fixed appliance.

It is an error in treatment planning to overlook ad-
junctive treatment because the patient does not wish
more comprehensive correction of malocclusion. On the
other hand, the patient should receive a thorough evalu-
ation and should be informed of treatment possibilities,
including comprehensive correction if a severe malocclu-
sion is present. As a general guideline (Figure 7-39), most
adjunctive procedures for adults are appropriately in-
cluded in general practice, while comprehensive treat-
ment of adults is usually better handled by a specialist.
Adjunctive treatment, including a detailed review of
treatment techniques, is discussed in Chapter 20. Special
considerations in comprehensive adult treatment are cov-
ered in Chapter 21.

The major indication for adjunctive orthodontic
treatment in adults is drift of potential abutment teeth for

bridges. If a permanent first molar is extracted during
childhood, there is likely to be considerable mesial drift of
the second molar and distal drift of premolars in the suc-
ceeding years. Periodontal defects are likely to occur on
the mesial of the tipped second molar and may also be
found between separated premolar teeth on the distal of
the tipped molar (Figure 7-40). If an implant is desired,
there is no choice but to orthodontically reposition the
teeth. Even if a fixed bridge is planned, in most cases it is
desirable to use a partial fixed appliance to upright the
mesially tipped second molar and reposition the premo-
lars. This improves the periodontal situation for most pa-
tients (Figure 7-41) and also makes it possible to fabricate
a more ideal bridge. Early loss of teeth other than the first
permanent molar is less common, but drift of other per-
manent teeth will follow extraction of a tooth at any point
in the arch. Because of this, most patients who wait to have
a prosthetic replacement made until long after a tooth has
been extracted will need orthodontic repositioning of
abutment teeth.
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If the second molar has drifted mesially, as a general
rule it is preferable to upright it by tipping its crown dis-
tally and opening up space for a pontic replacing the miss
ing first molar, rather than attempting to move the second
molar mesially and close the extraction space. This is true
even if the first molar space is nearly closed.

There are two reasons for this rule. The first is that it
is relatively easy to tip the second molar distally but much
harder to upright the second molar by moving its roots
mesially. The second reason is that if a long time has
elapsed since the first molar was lost, there is almost always
considerable atrophy of the alveolar ridge in the area of the
original extraction site, producing a very narrow alveolar
ridge. It is always difficult, and frequently impossible, to
close the space and bring the second molar into good con-
tact with the second premolar when this atrophy has oc-
curred. Tipping the second molar distally; however, does

FIGURE 7-40

	

A, Radiograph with silver point in place to the
depth of the gingival sulcus before molar uprighting; B, silver
point to the depth of the gingival sulcus immediately upon com-
pletion of molar uprighting; C, 3 months after uprighting, show-
ing area of new bone fill-in on the mesial of the uprighted molar.

require extraction of the third molar in most patients.
When the second molar is put into its original position in
the arch, there is no room for the third molar, which would
have been impacted if it had not drifted mesially.

The second most common indication for repositioning
abutment teeth before fabricating a fixed bridge is proba-
bly in patients with missing or malformed maxillary lateral
incisors. This condition often leads to spacing between the
maxillary central incisors, and the position of the maxillary
canines may also be abnormal (Figure 7-42). Adults with
this problem are best treated with a fixed appliance, using
an arch wire with coil springs to open space for the missing
lateral incisors while simultaneously closing the central di-
astema. Realignment of the teeth in other areas of the den-
tal arch, should this be indicated, would be carried out in
the same way, using a fixed appliance to open space for the
pontic. Closing space is considerably more difficult and
falls into the category of comprehensive treatment.

Correction of crossbites in adults may also be needed
as an adjunctive procedure. Since the occlusion in adults of-
ten locks teeth into a crossbite relationship, it is necessary
to disengage the teeth to make tooth movement possible.
This can be done either by having the patient wear a bite
plate of some type to prevent occlusal contact until the or-
thodontic tooth movement has been completed, or by oc-
clusal grinding to reduce interferences that would prevent
the desired tooth movement.

In some adults, it is desirable to rearrange spaced or
flared incisors before bonding composite resins to improve
dental esthetics. If there is adequate vertical clearance, re
distributing space among the incisors is a straightforward
procedure with a bonded fixed appliance (Figure 7-43). If
there is a deep overbite, however, it is simply not possible
to retract flared and spaced upper incisors without also
moving the lower incisors so that there will be proper in-
cisor function at the end of treatment. In the presence of

FIGURE 7-41

	

Changes in the alveolar bony architecture associated with molar uprighting. A, Before
uprighting; B, after extraction of the third molar and uprighting of the second. Note the extent to which
new bone has filled in on the mesial of the uprighted second molar and the upward extension of the bony
attachment.
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FIGURE 7-42

	

A, Missing maxillary lateral incisors, with drift of the central incisors and canines mak-
ing esthetic restorations impossible; B, same patient 1 year later, with restorations in place after adjunc-
tive orthodontics to reposition the incisors. When lateral incisors are missing and the canines have drifted

mesially to partially close the space, there are two possibilities: (1) open the lateral incisor space, placing
a pontic there; or (2) bring the canine mesially into the lateral incisor space, and use a pontic in the canine

space. Note that for this patient, both solutions have been used. The decision as to which would be the
better treatment is based on the position of the teeth initially. For this girl, the right canine was in its
proper position, but the left canine was almost totally forward into the lateral incisor position at the be-

ginning of treatment.

FIGURE 7-43

	

If a maxillary central diastema is related to small teeth that create a tooth-size
discrepancy (usually the lateral incisors are the culprits), composite build-ups are an excellent solu-

tion, but satisfactory esthetics may require redistribution of the space before the restorations are
placed, as in this patient. A and B, Prior to treatment. The midline diastema reflects the extra space
in the upper arch caused by the small maxillary lateral incisors; C, redistribution of the space using
a fixed appliance with coil springs on an archwire. Note the space has been created mesial and dis-
tal to the lateral incisors so that these teeth can be built up. The restoration should be done imme-
diately upon removal of the orthodontic appliance (the same day); D, completed restorations. Note
the reduction of the initial overbite, which was necessary to close some of the space and gain ideal
relationships. This was accomplished with the fixed appliance.
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FIGURE 7-44

	

Free gingival grafts to create adequate attached gingiva maybe needed before
orthodontic treatment, particularly in the lower incisor area in adults. A, Inadequate attached
gingiva and high frenum attachment create the possibility that loss of attachment will occur;
B, preparation of a bed for free gingival graft from the palate; C, graft sutured into place; D, graft
healing 6 weeks later.

overbite, successful treatment almost always requires an
upper and lower fixed appliance and a relatively prolonged
treatment time. These patients, whose orthodontic prob-
lems may look simple at first glance, can be extremely dif-
ficult to treat and should be placed in the category of com-
prehensive treatment.

Periodontal Considerations
When either comprehensive or adjunctive orthodontics for
an adult is planned, the periodontal management of the pa-
tient must be kept in mind. The incidence of periodontal
disease rises sharply in older population groups. A number
of studies have indicated that by age 30, a majority of pa-
tients have some periodontal problems, and by age 40 this
is true for more than 75% of all patients. 26 Beginning or
even advanced periodontal breakdown does not con-
traindicate orthodontic treatment, but the periodontal sit-
uation must be kept in mind whenever orthodontic treat-
ment for adults is planned.

Periodontal findings in potential orthodontic patients
are of two major types: (1) mucogingival problems, usually
inadequate attached gingiva, and (2) inflammatory lesions
of the gingiva or periodontium. Before any orthodontic
treatment, it is important that adequate attached gingiva to
withstand the stress of orthodontic tooth movement be
created, if there are areas of deficiency (Figure 7-44). In-
flammatory lesions must be brought under control. Adult

patients undergoing orthodontic treatment should have
careful scaling on an accelerated schedule, typically at twice
the frequency they would require without orthodontic
treatment. In other words, an adult who might be seen for
scaling and polishing at 6-month intervals without ortho-
dontic treatment probably should be seen at 3-month in-
tervals while being treated orthodontically, while one who
required care at 3-month intervals should be seen every
6 weeks while undergoing orthodontics.

Further details of periodontal management for adult
orthodontic patients are provided in Chapters 20 and 21.
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THE EVIDENCE FOR CLINICAL DECISIONS

Orthodontics traditionally has been a specialty in which
the opinions of leaders were important, to the point that
professional groups coalesced around a strong leader.
Angle, Begg and Tweed societies still exist, and new ones
whose primary purpose is to promulgate its leader's opin-
ions were formed as late as the 1980s. As any professional
group comes of age, however, there must be a trend toward
evidence-based rather than opinion-based decisions. The
current trend in orthodontics in that direction is an
encouraging indication of professional maturity. It still is
the case in orthodontics that some important clinical deci-
sions must be made without solid data on which to base
them. In that circumstance the clinician must use his or her
best judgment, which requires some understanding of the
quality of existing data. This important subject is reviewed
in some detail immediately below.

Study Designs
Retrospective vs. Prospective Data. Decisions

about treatment are based on some combination of a theo-
retical understanding of the patient's circumstances
(whether or not the theory is correct) and knowledge of the
outcome of previous treatment in similar cases. Poorly-
conceived views of how the patient's condition developed
lead to poor treatment decisions, which is why it is so im-
portant to obtain and use the best information about the
nature of the clinical problems we treat. The other part of
the equation is equally important: we need to know as thor-
oughly as possible what really happens when various treat-
ment procedures are used. Theories are tested and refined
through clinical experience but only if the experience is an-
alyzed logically, carefully, and thoughtfully.
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As Box 8-1 illustrates, a hierarchy of quality exists in
the evidence on which clinical decisions are based. Clinical
data become available as reports of treatment outcomes. In
the simplest form this is a case report, showing (usually in
considerable detail) what happened in the treatment of a
particular patient. A case series requires distilling the in-
formation, to separate the general trend among the patients
from individual idiosyncrasies. The more patients for
whom information is available, the more accurately the
general trend can be discerned-if the sample of patients
being reported is a reasonable representation of the larger
population who might receive treatment of that type and if
the data are analyzed appropriately. The hierarchy of qual-
i ty in clinical data reflects, more than anything else, the
probability that an accurate conclusion can be drawn from
the group of patients who have been studied.

The unsupported opinion of an expert is the weakest
form of clinical evidence. Often the expert opinion is sup-
ported by a series of cases that were selected retrospectively
from practice records. The problem with that, of course, is
that the cases are likely to have been selected because they
show the expected outcome. A clinician who becomes an
advocate of a treatment method is naturally tempted to se-
lect illustrative cases that show the desired outcome, and
if even he or she tries to be objective, it is difficult to avoid
introducing bias. When outcomes are variable, picking
the cases that came out the way they were supposed to and
discarding the ones that didn't is a great way to make your
point. Information based on highly selected cases, there-
fore, must be viewed with considerable reserve.

It's much better, if retrospective cases are used in a clin-
ical study, to select them on the basis of their characteris-
tics when treatment began rather than how they responded
to treatment. It's better yet to select the cases prospectively
before treatment begins. Even then, it is quite possible to
bias the sample so that the "right" patients are chosen. In

fact, it is difficult not to bias the sample in a prospective
study. After experience with a treatment method, doctors
tend to learn subtle indications that a particular patient is
or is not likely to respond well, although they may have dif-
ficulty verbalizing exactly what criteria they used. But iden-
tifying the criteria associated with success is extremely im-
portant if the treatment method is to work well in the hands
of others, and a biased sample makes that impossible.

For this reason, the gold standard for evaluating clini-
cal procedures is the randomized clinical trial, in which
patients are randomly assigned in advance to alternative
treatment procedures. The great advantage of this method
is that random assignment, if the sample is large enough,
should result in a similar distribution of all variables be-
tween (or among) the groups. Even variables that were not
recognized in advance should be controlled by this type of
patient assignment-and in clinical work, often important
variables are identified only after the treatment has been
started or even completed.

An important aspect of any prospective study is keep-
ing track of all the patients once they have been assigned to
a treatment regimen. The other major source of bias in
prospective studies comes from drop-outs, who are likely to
be the very patients who were not responding well to the
treatment. Unless these less successful patients are ac-
counted for, the same bias produced by initially selecting
only the "good" patients arises. Random assignment of
patients, as in a randomized clinical trial, avoids the first
source of selection bias but does nothing to control the sec-
ond one. Data from randomized trials, therefore, must be
reviewed on an "intent to treat" basis that includes all the
subjects, using statistical techniques to estimate data for the
ones who dropped out.

Data from randomized clinical trials now determines
many clinical approaches in medicine and is beginning to
do so in dentistry. The first clinical trials in orthodontics
are being reported now and will be referred to in some de-
tail later in this book. Many important clinical questions,
however, do not lend themselves to clinical trial method-
ology, and inevitably many issues must be evaluated with-
out randomized controls and/or from retrospective data.
Let's now consider some important issues in evaluating
such data.

Historical Control Groups.

	

The best way to know-
often the only way to know-whether a treatment method
really works is to compare treated patients with an un
treated control group. For such a comparison to be valid,
the two groups must be equivalent before treatment starts.
If the groups were different to start with, you cannot with
any confidence say that differences afterward were due to
the treatment.

There are a number of difficulties in setting up control
groups for orthodontic treatment. The principal ones are
that the controls must be followed over a long period of
time, equivalent to the treatment time, and that sequential
radiographs usually are required for the controls and the
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patients. Radiation exposure for untreated children is prob-
lematic. At present it is very difficult to get permission to
expose children to x-rays that will be of no benefit to them
personally. The growth studies carried out in the 1935-65
era in Burlington (Ontario) in association with the Univer-
sity of Toronto, Ann Arbor by the University of Michigan,
and Cleveland by the Bolton Foundation provide reason-
ably large archives of sequential radiographs of untreated
children (some of whom had malocclusion). Several smaller
data bases from the same time period also exist.

This historical material is still being used as control
data for evaluations of orthodontic treatment procedures,
especially those involving growth modification. How
valid is this? Are children seeking orthodontic treatment
50 years later, especially in other areas of the United
States or even in other countries, really comparable with
these historical samples? Probably not as much as one
would like. The composition of current population
groups often differs from the relatively homogenous
growth study groups, especially when a current project fo-
cuses on children with a particular type of malocclusion
but the comparison is with the mostly-normal growth
study groups. In addition, the secular trend in growth over
50 years almost surely has affected expected growth incre-
ments. When historical controls are the best that is avail-
able, it is better to have them than nothing, but the limi-
tations must be kept in mind.

Sample Sizes and Composition. How many sub-
jects does it take to demonstrate a treatment effect? That
depends, of course, on the size of the effect to be detected.
The bigger the difference between two groups, the fewer
the subjects that are needed to show it (if variability remains
the same). Statistical analysis calculates the probability that
differences are due to chance alone when the null hypothe-
sis is true. When that probability becomes small enough, we
accept the hypothesis that the groups are different.

In orthodontics, the data for clinical decisions often are
from cephalometric analysis. The differences created by
orthodontic treatment usually are not very large and are
about the same magnitude as the variability within the sam-
ple. For this reason, although small cephalometric samples
can be analyzed, conclusions based on sample sizes under
15 must be regarded with considerable suspicion, regard-
less of the statistics. With sample sizes of 25-30 patients,
often it is possible to discern differences that would be
important clinically, and almost always such differences can
be demonstrated in sample sizes of 50 or so.

Sample size becomes particularly important when the
composition of the groups being studied is not homoge-
nous. Heterogeneity of the group can relate to age, gender,
maturity, racial/ethnic origin, and other demographic
characteristics. It also can relate to characteristics of the
malocclusion being treated. Heterogeneity tends to in-
crease the observed variability, making it more difficult to
detect differences of clinical interest within a small sample.
Angle classification is inadequate not only for orthodontic

diagnosis but also for sorting research subjects. If you're
studying Class 11 malocclusion, for example, it's not enough
to just select Class II subjects. It will be important to note
face height as an important variable, because subjects with
short and long faces grow differently and are likely to re-
spond differently to treatment aimed at the overjet and
Class II occlusion they share (Figure 8-1). Since face height
differences increase the variability of changes in overjet or
related criteria as a response, the greater the variability in
face heights included in a Class 11 sample, the larger the
sample would need to be to discern a treatment effect on
these characteristics, and vice versa. Other characteristics
of the malocclusion also may need to be controlled if sam-
ple sizes are to be kept reasonably small.

Issues in Data Analysis
Clinical vs. statistical significance.

	

Statistical analysis
can never flatly confirm or reject the truth of an experi-
mental hypothesis. It merely calculates the odds that the
null hypothesis should be accepted or rejected. If the analy-
sis shows less than a 5% chance that a difference between
groups could have arisen due to random variation (p<.05),
the research hypothesis often is accepted (or, in terms of
the test procedure, the null form of that hypothesis is not
accepted).

FIGURE 8-1

	

The varying growth direction of selected maxil-
lary and mandibular landmarks is shown in this drawing derived
from the templates of the Burlington (Ontario) growth study. The
mean tracks for patients with a vertical vs. a horizontal growth
pattern show clearly that both the direction and magnitude of
growth at various locations are quite different, and the track for
individuals with the usual horizontal-vertical pattern is interme-
diate between these two. For accuracy in growth prediction it
would be important to place the patient in the correct group-
which, unfortunately, can be quite difficult.
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There are many possible sources of error in statistical
analysis. For clinical studies, the most likely error arises
from applying statistics based on the normal distribution to
a data set that is not distributed like this bell-shaped curve.
Wrongly-applied statistics tend to generate incorrect prob-
ability values that can lead to incorrect interpretations-
in other words, bad statistics lead to bad conclusions.
Transforming the data before analyzing it (by performing
the same mathematical operation on each datum, for in-
stance, taking the logarithm of each number) often can
make normal-distribution (parametric) statistics more ap-
plicable. Many clinical studies, however, require statistics
not based on the normal distribution (often called non-
parametric statistics because the data are non-continuous).

Orthodontics is an excellent example of a clinical area
in which both the theoretical framework for treatment and
most of the treatment procedures have changed dramati
cally during the last 25 years. Similar progress has been
made in statistics, especially in the analysis of clinical data.
At this point, the use only of t-tests in a clinical study
would be analogous to orthodontic treatment using gold
bands and archwires-not wrong but not the best you
could do. The modern clinician should be suspicious of
conclusions based on superficial testing. Fortunately, clin-
ical journals increasingly demand adequate statistical
analysis, but that cannot be taken for granted, and the sta-
tistics that appear in some non-reviewed presentations
(prominent on the Internet but not limited to it) must be
examined carefully indeed.

It is important to remember that statistical signifi-
cance and clinical significance are not the same. Tests of
statistical significance ask questions like, "Is it probable
that the difference between these groups is due only to
chance?". Clinical significance asks, "Does that make any
difference in treatment outcome?". Sometimes studies
demonstrate statistically significant differences that are
small enough to have no clinical significance. For exam-
ple, studies of the size of the mandible with or without
treatment aimed at stimulating its growth almost always
show small differences in the ultimate size of the jaws
(Table 8-1). In some publications the differences are re-
ported as statistically significant, in others as not signifi-
cant. At that level, the argument is over whether average

differences of 1-2 mm in the size of a 12 cm mandible are
treatment-related. The more important consideration is
whether it would make any difference if they were. The
clinician's question is, "Can you stimulate mandibular
growth?". The answer has to be based on the magnitude
of the changes as well as the statistical analysis. It seems to
be, "If you can, not much."

Can clinically significant differences escape detection
by statistical analysis? Certainly that is possible, especially
when samples are small and/or not well selected. The like
lihood is in the other direction, however. If statistical analy-
sis fails to confirm what the clinician is convinced is true,
the clinician probably is wrong. It's a human characteristic
to remember the unusual, not the usual. Reports of treat-
ment outcomes tend to focus on very good or very poor re-
sults, making most doctors think both extremes are more
frequent than they really are. Reports of statistically signif-
icant differences that may not be clinically significant are
more frequently encountered in the literature than clini-
cally significant differences missed statistically.

Variability in Outcomes and the Presentation of
Data. How do you report what happened to a group of
patients? Almost always, by reporting the central tendency
of the data set (the average, or perhaps the median) and by
presenting some measure of the dispersion of the group
(standard deviation or percentile spread, range). The focus
tends to be on the central tendency, so a typical report says,
"On average, group A showed significantly [whatever]
compared with group B."

The problem with that type of data reporting can be il-
lustrated by comparing Table 8-2 and Figure 8-2, which
show exactly the same data but produce (for most clini
cians, at least) a different sense of what is happening with
this treatment. The data are taken from a randomized clin-
ical trial of early Class II treatment, from which children
with abnormally long or short faces were excluded. (This
important study is reviewed further and in Chapter 15).
Many doctors, looking at the table, would conclude that as
they expected, nothing happened to the untreated children.
The table shows that headgear produced some reduction in
overjet but no change in overbite, while the functional ap-
pliance produced nearly twice as much change in overjet
and also reduced overbite.

TABLE 8-2

	

Class II RCT Skeletal Effects. ANB Angle (S.D)TABLE 8-1

	

UNC Class II Clinical Trial: Changes During
Phase I (15 months)
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Figure 8-2 confirms that is true, on the average, but
shows the variability within the groups as clearly as the cen-
tral tendency. The variability was shown in the table too,
but the standard deviation and range numbers just do not
have the same impact, at least to the untrained eye. What
you see in the figure is that many of the untreated children
had a reduction in overjet, and about the same number had
an increase, so that the average was zero although most
children had changes. Some of the headgear patients had
great improvement, while others had no response and a few
got worse. There also was great variability among the func-
tional appliance patients. It's important to comprehend the
variations in response to treatment procedures, not just the
average change, and particularly important not to be se-
duced into thinking that the average response is what you
ought to expect to happen for every patient. The graphic
form for presenting data (this type is called a 5-box plot)
helps clinicians perceive the variability as well as the aver-
age changes.

Syndrome Recognition: Sensitivity vs. Specificity in
Diagnostic Records. By definition, a syndrome is a set of
concurrent things that form an identifiable pattern. Many
syndromes of developmental abnormalities have been rec-
ognized, and new ones are being noted all the time. Syn-
drome recognition is important in clinical studies, because
patients who can be grouped by identifiable patterns are
more predictable than those who have not been classified at
that level. For example, you're much more likely to obtain a

FIGURE 8-2

	

In this graphic display (called a 5-box plot) of
data from the UNC Class lI clinical trial, the median value for
each group is shown as the line toward the center of each box; the
box dimensions reflect the 25 th and 75 th percentiles for the group;
and the line shows the range. The variability within the groups
can be appreciated more readily from a display of this type than
from a table (see Table 8-2). Note that although the median
change in overjet without treatment was almost zero, some chil-
dren in the untreated control group had a reduction in overjet
while others had an increase. Although the decrease in overjet in
both treated groups was statistically significant compared with the
controls, not all treated children responded favorably.

useful answer to the question, "How do patients with
Crouzon syndrome respond to reverse-pull headgear?"
than to the question, "How do patients with maxillary defi-
ciency respond to reverse-pull headgear?", simply because
there are several types of maxillary deficiency, Crouzon syn-
drome being one, that are likely to differ in their response.

Clinical progress requires the recognition of patterns
of abnormalities, whether or not they are formally grouped
as named syndromes. We already have commented on the
importance of going beyond the Angle classification in or-
thodontic diagnosis. One way to view the Ackerman-Prof-
fit classification is that in grouping patients by their five
major characteristics, it places them in more homogenous
and therefore more predictable groups.

From that perspective, it is important to consider two
additional scientific terms, sensitivity and specificity, as they
apply to diagnostic criteria and criteria for evaluating treat
ment response. Sensitivity refers to the ability of a given
criterion (ANB angle, for example) to differentiate degrees
of severity or extent of change (for ANB: diagnostically, the
severity of a Class II jaw relationship; as an indicator of
treatment response, the amount of improvement or wors-
ening of the Class II condition). Specificity refers to the ex-
tent to which the criterion reflects only what it is supposed
to, vs. being influenced by other things-in the case of the
ANB angle, how well it shows the anteroposterior jaw re-
lationships without being influenced by the vertical posi-
tion of the jaws, protrusion or retrusion of the incisor teeth,
or other factors. An extremely sensitive measure is always
positive in the presence of the condition. Specificity some-
times particularly refers to how well a criterion can separate
normal (acceptable) from abnormal (unacceptable)-for
ANB, its ability to separate skeletal Class II from normal
jaw relationships. An extremely specific measure is always
negative in the absence of the condition.

Why are these distinctions important? From what you
know about ANB, you could deduce that it is sensitive to
changes in the anteroposterior jaw relationship (i.e., only
small changes in the anteroposterior position of either jaw
will produce a measurable change in ANB). Its specificity is
not so good, because the ANB angle changes as face height
shortens or lengthens even though the anteroposterior
position of the jaws stays the same. It also can change if the
incisor teeth are moved forward or back because of bone
remodeling in the area of points A and B. Could you un-
critically accept changes in the ANB angle as showing
skeletal change in Class II patients undergoing alternative
types of treatment? Only if you could be sure that there
were no major vertical changes and no changes in the posi-
tion of the roots of the anterior teeth. Obviously, the same
type of thinking applies to whatever the major indicators
are, in any clinical study. The more sensitive and more spe-
cific the indicators, the easier it is to interpret the results-
and vice versa. No single criterion is likely to be both sen-
sitive and specific enough to indicate all you'd want to
know about patient groupings or treatment response.



Computer Records and the Possibility of Meta-
analysis. Clinical data exist in the form of careful records
of treatment outcomes in many if not most private prac
tices, not just in university or other clinical settings. Get-
ting enough data about enough patients always is difficult
in clinical studies. The widespread use of computers for
storage of practice information, and the growing trend in
orthodontics toward placing diagnostic as well as practice
management information into electronic memory, offers
an opportunity to widen the horizons of clinical research in
a way that was hardly imaginable only a few years ago.

Most practitioners have had two problems in putting
together data from their practices to obtain an honest
answer to clinical questions: it was difficult and time
consuming to pull information from handwritten charts,
manually analyze radiographs, and take measurements
from dental casts or other records; and for most people,
there was no clear protocol showing how to do this properly.

Computerization has the potential to solve both prob-
lems. If electronic entries replace chart notes and these are
stored using a standard protocol (as most will be, because
the format is established by the supplier of the practice
software), and if x-rays, photographs, and casts are scanned
for entry into the computer system (as they are, more and
more, so they are accessible for communication with refer-
ring dentists as well as for analysis), then the information
becomes readily available instead of having to be dug out of
charts. One of the greatest problems with most existing
data sets is the selective nature of the patients who are
included. Often a major reason for selecting only some
patients is that it is too much work to include everyone who
was treated. But with routine electronic entry for all
patients, there would be no reason to include only specially
selected patients. In addition, it would be quite possible for
a standard protocol for data collection to be established by
a research group at a central facility, to which data could be
transferred electronically from private practice. It would
even be possible to add data to the research file via the In-
ternet at the same time the clinical files were updated, and
in fact this already is being done in a few studies in medi-
cine as "Internet trials." Only with this type of cooperative
input of data from multiple practice locations will it be pos-
sible to pull together enough data to answer many impor-
tant clinical questions. By the same token, the very avail-
ability of the data will make it almost unconscionable not to
seek solid answers to questions that have drawn only opin-
ion for so long.

An additional way to gain better data for treatment
responses is to group the data from several studies of the
same phenomenon. This draws on the recently-developed
method of meta-analysis, which allows statistical tech-
niques to be applied across multiple studies.' Orthodontic
research is an excellent example of an area in which nu-
merous small studies have been carried out toward similar
ends, often with protocols that were at least somewhat sim-
ilar but different enough to make comparisons difficult.

Meta-analysis is no substitute for new data collected with
precise protocols, but applying it to the clinical questions
has considerable potential to reduce uncertainty about the
best treatment methods.

The era of orthodontics as an opinion-driven specialty
clearly is at an end. In the future, it will be evidence-
driven-which is all for the best. In the meantime, clinical
decisions still must be made using the best information
currently available. When the latest new method appears
with someone's strong recommendation and a series of case
reports in which it worked very well, it is wise to remember
the aphorism "Enthusiastic reports tend to lack controls;
well-controlled reports tend to lack enthusiasm."
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Even when excellent data from clinical trials are available,
it is difficult to predict how any one individual will respond
to a particular plan of treatment. Variability must be ex-
pected. In orthodontics, two interrelated factors contribute
most of the variability: the patient's growth pattern and the
effect of treatment on the expression of growth. At present,
in the absence of growth, treatment responses are reason-
ably predictable. Growth is not.

REDUCING UNCERTAINTY
IN PLANNING TREATMENT

Growth Prediction
Because predicting facial growth would be of great benefit
in planning orthodontic treatment, repeated efforts have
been made to develop methods to do this from cephalo-
metric radiographs. Successful prediction requires specify-
ing both the amount and the direction of growth, in the
context of a baseline or reference point. The serial cephalo-
metric radiographs obtained during the Burlington, Michi-
gan, and Bolton growth studies have been treated statisti-
cally to allow their use in growth prediction, by grouping
the data to provide a picture of average, normal growth
changes. A convenient way to show average growth
changes is with templates that show the expected direction
and increment of growth at specified points or ages, or as a
series of complete templates from which change at given
points can be deduced (the same templates that also can be
used diagnostically-see Chapter 6).

The more the individual whose growth one is attempt-
ing to predict is representative of the sample from which the
average changes were derived, the more accurate one would
expect the prediction to be, and vice versa. Ideally, separate
growth standards would be established for the two sexes, the
major racial groups, and important subgroups within each
of the major categories (such as patients with skeletal Class
II or Class III malocclusions). The existing data sets simply
are too small to allow this sort of subdivision, and because it
is no longer ethically acceptable to take repeated x-rays of
children who will not be treated, it is unlikely that the nec-
essary quantity of data ever will be available.
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Data from the Bolton study2 are not subdivided in
any way. The Michigan data 3 are subdivided by sex, pro-
viding different male and female predictive values; the
Burlington data have been subdivided on the basis of fa-
cial pattern, with different growth predictions for individ-
uals with short, normal, and long vertical facial dimensions
(see Figure 8-1). All three data sets are derived from whites
of northern European descent.

The major difficulty with growth prediction based on
average changes is that a patient may have neither the
average amount nor direction of growth, and thus there is
the possibility of significant error. The growth samples
were composed mostly of normal children. In clinical ap-
plication, growth prediction is really needed for a child
who has a skeletal malocclusion. His or her problem devel-
oped because of growth that deviated from the norm, and
for such a child, deviant growth is likely to continue in the
future-which means that average increments and direc-
tions are unlikely to be correct. Our ability to predict facial
growth, therefore, is poorest for the very patients in whom
it would be most useful.

The new clinical trial data offer hope of some im-
provement in this regard, in that the control groups do pro-
vide serial cephalometric radiographs of untreated children
with specific types of malocclusion. It may be possible to
detect characteristics that predict certain favorable or unfa-
vorable patterns of growth. At present, however, accurate
growth predictions simply are not possible for the children
who need it most.

Predicting Treatment Outcomes
Visualized Treatment Objectives. A visualized

treatment objective (VTO) is a cephalometric tracing rep-
resenting the changes that are expected (desired) during
treatment. In the 1980s, manually-prepared VTOs (Figure
8-3) were advocated as a treatment planning tool. For a
child, the VTO would have to incorporate the expected
growth, any growth changes induced by treatment, and any
repositioning of the teeth from orthodontic tooth move-
ment. In a child with normal facial proportions, average
growth increments are reasonably likely and growth modi-
fication is not likely to be part of treatment, so growth
changes can be predicted fairly well. The effects of tooth
movement of various types are much more predictable than
growth, although assumptions about the orthodontic ther-
apy are required. For a skeletally normal child, preparing a
VTO using average growth increments can be quite helpful
in understanding the amount of tooth movement needed to
correct the malocclusion. For a child with a skeletal prob-
lem, given the uncertainty of both the growth pattern and
the response to treatment, a VTO often is more a presenta-
tion of what is hoped than what is likely to happen.

When the variables associated with growth are not pre-
sent, as in treatment for adults and late adolescents with lit-
tle or no remaining growth, predicting treatment effects be
comes easier and more reliable. Cephalometric prediction

of possible outcomes of orthodontic camouflage and or-
thognathic surgery have been used routinely since the early
1980s. Although these are not usually called VTOs, there is
no real difference except that growth is not considered.

With modern computer technology, it is possible to
link cephalometric tracings and digital facial images, so that
when the teeth or jaws are repositioned on the tracing, a
corresponding change in the facial appearance is produced.
At this point, manual cephalometric predictions or VTOs
have been superseded by computer prediction programs.

Computer Cephalometrics and Video Image
Predictions. Placing cephalometric information into
computer memory is conveniently accomplished by digi
tizing points on the cephalometric tracing (see Chapter 6).
Automatic recognition of cephalometric landmarks already
can be accomplished by experimental computer programs
and is likely to replace manual identification of landmarks
in the future.

The first computer cephalometric programs were used
primarily for planning surgical treatment for adults. Their
principal advantage was that this made it easy to produce
multiple cephalometric predictions from the digitized trac-
ings. Now all the commercially available programs allow su-
perimposition of profile images (either direct digital images
or conventional images digitized by scanning) onto the trac-
ing, so that the doctor and patient can more readily visualize
treatment effects (Figure 8-4) (see also Figure 7-3, compare
with Figure 7-4). Computer images of this type have an im-
portant patient education benefit in addition to facilitating
treatment planning.' Although presenting computer simula-
tions to patients heightens their esthetic goals for treatment,
it does not seem to create unrealistic expectations. 6

It is possible to match changes in hard tissue positions
to changes in the soft tissue image because studies of
previously-treated patients have shown reasonably consis
tent relationships between hard and soft tissue changes.
For example, when the upper incisors are retracted (ortho-
dontically or surgically) the upper lip typically drops back
about two-thirds the distance that the incisors were moved
back. Information of that type is incorporated into the
computer program and is used to produce the changes in
the soft tissue image when retraction of the incisors is sim-
ulated. Not surprisingly, the accuracy of the soft tissue sim-
ulations is better in some areas than others. Computer pre-
dictions of changes in the position of the upper lip and chin
are more accurate than changes in the lower lip, especially
when face height is lengthened or shortened. The comput-
ing algorithms for predictions of surgical or orthodontic
changes in the absence of growth have improved remarkably
in the last few years, and probably will continue to do so.

Does this mean that computerization will solve the
problems of growth prediction? No, because the data on
which the growth-prediction algorithms would have to be
based simply do not exist. There is no reason to believe that
the same kind of prediction that can be done with adults
will be possible for children any time soon.
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FIGURE 8-3

	

Preparation of a visual treatment objective (VTO) using the method of Ricketts.
A, Cephalometric tracing of a 13-year-old boy with maxillary dental crowding and Class II malocclusion
with mandibular deficiency. B, Growth prediction (red) for the next 2 years superimposed on the original
tracing. The growth prediction is based on lengthening the basion-nasion line 2 mm per year (1 mm in-
crement at basion and nasion), and on lengthening the mandibular condylar axis and corpus axis 2 mm per
year. The maxilla is predicted to move down and forward two thirds as much as the mandible (for details
of the prediction method, see Ricketts RM: Bioprogressive Therapy, Denver, 1977, Rocky Mountain).
C, VTO (dashed red) superimposed on growth prediction. The guideline for rotation of the mandible
(changes in the facial axis): a 1 degree opening of the facial axis (arrow) can be expected for each 3 mm of
molar correction, 4 mm of overbite reduction, and/or 5 mm convexity reduction. A reduction in point A
can be achieved with headgear (maximum 8 mm) or Class II elastics for Class II correction was projected,
without extractions, producing the changes shown here. D, VTO superimposed on the original tracing,
showing the estimated combined effect of growth and treatment. Unfortunately, the accuracy of this
approach leaves a great deal to be desired because of variations in both growth and treatment response.
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FIGURE 8-4

	

Presenting a computer-generated simulation of the post-treatment profile
can greatly help patients understand the differences between alternative treatment ap-
proaches. Although showing patients these simulations heightens their esthetic awareness, it
does not seem to create unrealistic expectations. 6 (Courtesy Dr. David Sarner.)

Treatment Response as an Aid in
Treatment Planning
A practical problem in treatment planning for children,
then, is how to reduce the uncertainty related to growth.
What do you do, for instance, with a rather mature 12-year-
old boy with a moderately severe skeletal Class II problem?
Should you use the estimates underlying a VTO or com-
puter prediction to make the decision, ignoring the possi-
bility of serious error? Proceed with growth modification,
regardless of a questionable prognosis? Go ahead with
extractions for camouflage, on the theory that this would
assure success whatever the patient's growth? Each of these
approaches has been advocated seriously by respected
orthodontic clinicians, but each has limitations. Growth
prediction works satisfactorily for average patients but not
so well for the ones whose growth has already produced an
orthodontic problem-the chance of error can be distress-
ingly large. Attempted growth modification in a poorly
growing patient produces an unstable and generally unsat-
isfactory result. Camouflage can provide an acceptable re-
sult in a poorly growing patient, but extractions for this
purpose in a patient with good growth are undesirable es-
thetically and functionally.

One way to reduce the amount of uncertainty in plan-
ning treatment for children whose growth is somewhat un-
predictable is to use the initial treatment response as an aid

in treatment planning, deferring the adoption of a defini-
tive treatment plan until some experience has been
achieved with the patient. This approach, sometimes called
"therapeutic diagnosis," allows a better evaluation of both
growth response and cooperation with treatment than can
be obtained by prediction alone.

In practice, the therapeutic diagnosis approach involves
implementing a conservative (i.e., nonextraction) treatment
plan initially and scheduling a reevaluation of the patient af
ter 6 to 9 months to observe the response to this treatment.
Typically, a child with a skeletal Class II malocclusion might
be placed on a functional appliance or extraoral force to the
maxilla, with minimal use of fixed appliances for tooth
movement. If a good response is observed after 6 to 9
months, this treatment approach is continued, with the odds
of long-term success greatly improved. On the other hand,
if a poor response is observed, whether because of poor co-
operation or poor growth, the growth modification therapy
might be dropped in favor of extractions and a fixed appli-
ance, camouflage-oriented approach. The disadvantage of
the evaluation period in the latter instance is that treatment
may take longer than it would have if the extraction decision
had been made initially. The advantage is a decrease in the
number of incorrect decisions.

No method of pretreatment prediction is as accurate
for establishing the appropriate treatment plan as an obser-
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vation of the actual response to treatment. Whatever the
treatment plan, it is important at all stages of all types of
treatment to carefully monitor the patient's response and
make appropriate adjustments in the original plan to deal
with variations in response. Acknowledging uncertainties
and testing the patient's response to treatment before mak-
ing irrevocable decisions is a logical way to improve the per-
centage of patients in whom the correct decision is made.

In the sections of this chapter immediately below, the
goal is to review what is known about controversial areas,
put it into perspective based on the quality of available data,
and draw the best conclusions about treatment possibilities
that are possible today. Better data in the not-too-distant
future should allow a more confident emphasis on specific
treatment approaches.

EXTRACTION I N THE TREATMENT
OF MALOCCLUSION

FIGURE 8-5

	

In general, extraction of teeth for orthodontic
purposes was rare in the early 20`h century, peaked in the 1960s
with extraction occurring in a majority of orthodontic patients,
and declined to about the levels of the early 1900s by the 1990s.
An increase (dashed line) probably will occur in the early 2000s.

"To extract or not to extract" may not have quite the sig-
nificance of "To be or not to be," but for 100 years it has
been a key question in planning orthodontic treatment. In
orthodontics, there are two major reasons to extract teeth:
(1) to provide space to align the remaining teeth in the
presence of severe crowding, and (2) to allow teeth to be
moved (usually, incisors to be retracted) so protrusion can
be reduced or so skeletal Class II or Class III problems can
be camouflaged. The alternative to extraction in treating
dental crowding is to expand the arches; the alternative for
skeletal problems is to correct the jaw relationship, by
modifying growth or surgery. All other things being equal,
it is better not to extract-but in some cases extraction pro-
vides the best treatment. Opinions as to the indications for
extraction have changed remarkably over the years, from
one extreme to the other and back (Figure 8-5), and it
seems likely that this particular pendulum still is swinging.

The Great Extraction Controversy
of the 1920s
As the occlusal concepts that culminated in his definition
of normal occlusion were developed, Edward Angle strug-
gled with both facial esthetics and stability of result as po-
tential complications in his efforts to achieve an idealized
normal occlusion. It is difficult to recreate the thought
processes of a brilliant man many years ago, but it seems
clear that Angle was influenced by both the philosophy of
Rousseau and the biologic concepts of his time. Rousseau
emphasized the perfectibility of man. His strong belief
that many of the ills of modern man could be traced to the
pernicious influences of civilization struck a responsive
chord in Angle, who joined other progressive young den-
tists of the 1890s in their reaction to the casual attitude of
that time toward extraction of teeth. In an era when teeth
could be saved by dental treatment, extraction of teeth for
orthodontic purposes seemed particularly inappropriate,

especially if man was inherently capable of having a perfect
dentition. Perfection, it appeared, required only diligent
efforts to achieve it. It became an article of faith for Angle
and the early orthodontists that every person had the po-
tential for an ideal relationship of all 32 natural teeth, and
therefore that extraction for orthodontic purposes was
never needed.

Secondly, Angle was impressed by the discovery that
the architecture of bone responds to the stresses placed on
that part of the skeleton. In the early 1900s, the German
physiologist Wolff demonstrated that bone trabeculae were
arranged in response to the stress lines on the bone (the in-
ternal architecture of the head of the femur is the classic ex-
ample, but the condylar process of the mandible shows the
same effect of "Wolff's law of bone") (Figure 8-6). This led
Angle to two key concepts. The first was that skeletal
growth could be influenced readily by external pressures. If
bone remodeled when stressed, the etiology of Class II or
Class III problems must be abnormal stresses on the jaws,
but different patterns of pressure associated with treatment
could change growth so as to overcome the problem. An-
gle came to believe that skeletal structures were so adapt-
able that just rubber bands connecting the upper to the
lower teeth could overcome improper jaw relationships,
stimulating growth where it was needed.

The second concept was that proper function of the
dentition would be the key to maintaining teeth in their
correct position. Angle reasoned that if the teeth were
placed in proper occlusion, forces transmitted to the teeth
would cause bone to grow around them, thus stabilizing
them in their new position even if a great deal of arch ex-
pansion had occurred. He soon saw that merely tipping
the teeth to a new position might be inadequate and
sought ways to move the teeth bodily. He described his
edgewise appliance, the first appliance capable of fully
controlling root position (see Chapter 12), as the "bone
growing appliance."
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FIGURE 8-6

	

A, Bone trabeculae in the head of the femur follow the calculated stress lines. This ob-
servation by the German physiologist Wolff at the end of the 19 th century led to "Wolff's law of bone"
that the internal architecture of bones represents the stress pattern on them. B, Frontal section through
the head of the mandibular condyle. C, Sagittal section through the head of the condyle. Note the
arrangement of bony trabeculae, indicating a similar arrangement for resistance to stress as seen in the
head of the femur. (B and C, From DuBrul EL: Sichers oral anatomy, ed 7, St Louis, 1980, Mosby.)

To Angle and his followers, relapse after expansion of

the arches or rubber bands to correct overjet and overbite

meant only that an adequate occlusion had not been

achieved. This too became an article of faith: if a correct

occlusion had been produced, the result would be stable;

therefore if the orthodontic result was not stable, the fault

was that of the orthodontist, not the theory.
Finally, the problem of dentofacial esthetics was

solved, at least for Angle, through his interaction with a fa-

mous artist of the day, Professor Wuerpel. Early in his ca

reer, Angle devoted much effort to a search for the ideal fa-

cial form, in parallel with his search for the ideal dental

occlusion (Figure 8-7). When he consulted the art profes-
sor for advice about the perfect face, he was ridiculed-the

artist's response was that the tremendous variety in human

faces makes it impossible to specify any one facial form as

the ideal. Reflecting on this, Angle had a moment of in-

sight: the relationship of the dentition to the face, and with

it the esthetics of the lower face, would vary, but for each
individual, ideal facial esthetics would result when the

teeth were placed in ideal occlusion. Whether the patient

liked the outcome or not, by definition the best facial ap-

pearance for him or her would be achieved when the den-

tal arches had been expanded so that all the teeth were in

ideal occlusion.

Therefore, for Angle, proper orthodontic treatment

for every patient involved expansion of the dental arches
and rubber bands as needed to bring the teeth into occlu

sion, and extraction was not necessary for stability of result

or esthetics. These concepts did not go unchallenged. An-

FIGURE 8-7

	

Angle sought an ideal profile, in parallel to his
search for an ideal occlusion, and initially favored this classic
Greek profile, which is often incompatible with non-extraction
treatment. (From Angle EH: Treatment of malocclusion of the teeth,

ed 7, Philadelphia, 1907, SS White Manufacturing Co.)
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gle's great professional rival, Calvin Case, argued that al-
though the arches could always be expanded so that the
teeth could be placed in alignment, neither esthetics nor
stability would be satisfactory in the long term for many pa-
tients. The controversy culminated in a widely publicized
debate between Angle's student Dewey and Case, carried
out in the dental literature of the 1920s. s

Reading these papers from a current perspective leaves
the impression that Case had the better argument by far.
Yet Angle's followers won the day, and extraction of teeth
for orthodontic purposes essentially disappeared from the
American orthodontic scene in the period between World
Wars I and 11. Even those who did not agree with Angle's
appliance systems, particularly in the American South
where removable (Crozat) or partially banded appliances
(labiolingual, twin wire) were commonly used, accepted the
non-extraction approach and its philosophic underpinnings.

The Re-introduction of Extraction
in Mid-Century
By the 1930s, relapse after non-extraction treatment was
frequently observed. At this time soon after Angle's death,
one of his last students, Charles Tweed, decided to re-treat
with extraction a number of his patients who had experi-
enced relapse. Four first premolar teeth were removed
and the teeth were aligned and retracted. After the re-
treatment, Tweed observed that the occlusion was much
more stable. Tweed's dramatic public presentation of con-
secutively treated cases with premolar extraction caused a
revolution in American orthodontic thinking and led to the
widespread reintroduction of extraction into orthodontic
therapy by the late 1940s. Independently of Tweed but si-
multaneously, another of Angle's students, Raymond Begg
in Australia, also concluded that non-extraction treatment
was unstable. Like Tweed, he modified the Angle-designed
appliance he was using, adapting it for extraction treatment
and producing what is now called the Begg appliance
(see Chapter 12).

The acceptance of extraction and the repudiation of
Angle's ideas were made easier by an intellectual climate in
which the limitations of human adaptation both socially
and physically, were emphasized. Breeding experiments
with animals, of which Stockard's widely publicized results
from crossbreeding dogs were most influential, seemed to
show conclusively that malocclusion could be inherited
(see Chapter 5). Rather than developing the (non-existent)
potential within each patient, it appeared that it was neces-
sary for the orthodontist to recognize genetically deter-
mined disparities between tooth size and jaw size, or to ac-
knowledge that the lack of proximal wear on teeth
produced tooth size-jaw size discrepancies during develop-
ment. In either case, extraction was frequently necessary.

By the early 1960s, more than half the American pa-
tients undergoing orthodontic treatment had extraction of
some teeth, usually but not always first premolars. Since

the accepted concept was that orthodontic treatment could
not affect facial growth, extraction was considered neces-
sary to accommodate the teeth to discrepancies in jaw po-
sition as well as to overcome crowding caused by tooth-jaw
discrepancies, and was done for either or both purposes.

Recent Trends Toward Non-extraction
Extraction rates always have varied among doctors and re-
gions, so no specific example of changes in extraction pat-
terns can be taken totally as typical. Experience in the or-
thodontic clinic at the University of North Carolina
(Figure 8-8), however, shows well the type of change over
time that has occurred widely. At its inception in the 1950s,
treatment in the clinic was strongly influenced by attitudes
like Angle's. By the 1960s the Tweed/Begg view had been
accepted, and extraction rates increased dramatically. From
then until the early 1990s there was a continuing decline in
extraction rates, which has stabilized or increased slightly
recently.

The UNC patients can be grouped into three extrac-
tion categories: four first premolars, the usual extraction
pattern for treatment of Class I crowding/protrusion
(sometimes used also for Class II camouflage); upper first
premolars only or upper first-lower second premolars, a
pattern that indicates Class II camouflage; and all other ex-
traction patterns (asymmetric extractions, impossibly im-
pacted teeth, one lower incisor, etc.). As Figure 8-8 illus-
trates, the change over the years occurred mostly in the
four first premolar group, with smaller changes in the cam-
ouflage extraction rate. For the "other" group, the rate was
remarkably constant over the period of 45 years. Decisions
in this clinic always have been made by individual attend-
ing faculty. It is clear, therefore, that this group of ortho-
dontists (a mix of full- and part-time faculty) showed re-
markable changes in their decisions about extraction in the
treatment of dental crowding, with much less change in ex-
traction for other reasons. Why?

The reasons for the increase in extraction have been
discussed above, but it is important to put this in perspec-
tive: premolar extraction was, more than anything else, a
search for stability. In the earlier nonextraction era, col-
lapse of expanded arches and relapse into crowding were
frequently observed (but, it must be said, not well docu-
mented scientifically), and it became clear that perfection
of the occlusion did not necessarily lead to stability. Ex-
traction as a strategy was adopted, however, without evi-
dence beyond selected cases that it produced stable results.
Why the decline in extraction rates more recently? There
are several reasons. Experience has shown that premolar
extraction does not necessarily guarantee stability of tooth
alignment,9-11 and one could argue that if the results are
not very stable either way, there is no reason to sacrifice
teeth. (It also can be argued that even if extraction cases of-
ten are unstable, non-extraction would be worse. Nothing
remotely like a randomized clinical trial of extraction vs



FIGURE 8-8

	

Extraction percentages in the Department of Orthodontics at
the University of North Carolina, 1953-1998. Extraction of first premolars usu-
ally is done for treatment of crowding/protrusion; extraction of upper first or up-
per first/lower second premolars indicates Class 11 camouflage; other
extractions are done for a variety of purposes related to impaction, asymmetry
and tooth-size discrepancy. Note that the number of patients with extraction of
four first premolars increased sharply in the 1960s, declined to the 1953 level in
1993, and showed a slight increase recently. The number of patients with
extraction for Class 11 camouflage also increased in the 1960s, decreased in the
1980s, and increased again more recently, but did not change nearly as much.
The number of patients with other all other extractions has been remarkably
constant for 45 years.
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nonextraction treatment of Class I crowding has ever been
done, and there are simply no good data that really allow
comparison of the stability extraction and non-extraction
treatment in similar groups of patients.)

In addition, dentists have realized that the general pub-
lic often prefer fuller and more prominent lips than
the orthodontic standards of the 1950s and 1960s. The
facial appearance in "borderline cases" generally is consid-
ered better without extraction by both dentists and
others. The change from fully banded to largely bonded
appliances made it easier to expand the arches by eliminat-
ing the need for band space. In the 1980s, claims were made
that temporomandibular dysfunction (TMD) problems
could be attributed to extraction of upper first premolars,
and although this association has been refuted, for a time it
also affected extraction rates, at least by some doctors.

The result, however, is two-fold: it is possible, perhaps
even likely, that non-extraction treatment once again is be-
ing carried to an extreme, so that stability problems once
more are likely to become prominent; and controversy over
the role of extraction continues because there are no good
data to settle the issue. At present every shade of opinion
and practice relative to extraction can be found. These
range from an absolute rejection of the possibility of a need
for extraction, supported by arguments that seem taken
word-for-word from Angle's era, to a rejection of the pos-
sibilities of arch expansion and growth guidance along with
a continued high percentage of extraction. The amount of
change in treatment of dental crowding, the most frequent
orthodontic problem-in the almost total absence of
data-illustrates how far orthodontics still has to go in be-
coming an evidence-driven specialty. In this, as with so
much else, it is necessary to understand the pertinent his-
tory to avoid repeating it.

A Contemporary Perspective:
Recommendations for Expansion
vs. Extraction
In a rational contemporary view, the majority of patients
can be treated without removal of teeth but by no means
all. In addition to those who fall into the rather constant
"other" category described above, some will require ex-
traction to compensate for crowding, incisor protrusion
that affects facial esthetics, or jaw discrepancy. Their
number varies, depending on the population being
treated. Extraction for camouflage is considered sepa-
rately later in the chapter. The section immediately below
is a discussion of the limits of expansion, and therefore the
indications for extraction, for patients with normal jaw
relationships.

Esthetic Considerations.

	

If the major factors in ex-
traction decisions are stability and esthetics, it is worth-
while to review existing data that relate these factors to
expansion and extraction. Consider esthetics first. The
conceptual relationship between expansion/extraction and

esthetics is illustrated in Figure 8-9. All other things being
equal, expansion of the arches moves the patient in the di-
rection of more prominent teeth, while extraction tends to
reduce the prominence of the teeth. Facial esthetics can be-
come unacceptable on either the too-protrusive or too-
retrusive side.

At what point have the incisors been moved too far
forward, so that esthetics is compromised? The answer is
found in soft tissue, not hard tissue relationships: when the
prominence of the incisors creates excessive lip separation
at rest, so that the patient must strain to bring the lips to-
gether, the teeth are too protrusive, and retracting the in-
cisors improves facial esthetics (Figure 8-10). As a general
guideline, more than 4 mm lip separation at rest is unes-
thetic. Note that this has nothing to do with the promi-
nence of the teeth relative to the supporting bone. An in-
dividual with thick, full lips looks good with incisor
prominence that would not be acceptable in someone with
thin, tight lips. Cephalometric measurements of incisor
position that attempt to establish the esthetic limits of pro-
trusion go all the way back to Tweed, but there is no way
to determine the esthetic limit of expansion from tooth-
bone relationships alone.

FIGURE 8-9

	

Expansion of the dental arches tends to make
the teeth more prominent and extraction makes them less promi-
nent. The choice between extraction and non-extraction (expan-
sion) treatment is a critical esthetic decision for some patients
who are toward the extremes of incisor protrusion or retrusion
initially, but because there is an acceptable range of protrusion,
many if not most can be treated with satisfactory esthetics either
way. This is especially true if expansion is managed so as not to
produce too much protrusion, or space closure after extraction is
controlled so as not to produce too much incisor retraction.
Similarly, expansion tends to make arches less stable and extrac-
tion favors stability, but the extraction-non-extraction decision
probably is a critical factor in stability largely for patients who are
toward the extremes of the protrusion-retrusion distribution.
There are no data to show the number of patients who could be
treated satisfactorily with either approach, versus the number for
whom the extraction-non-extraction decision is critical in deter-
mining a satisfactory outcome.
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FIGURE 8-10

	

Excessive protrusion of incisors requires lip strain to close the lips over the teeth, as in
this patient, and therefore also is characterized by excessive lip separation at rest (lip incompetence). As a
general guideline, more than 4 mm lip separation at rest is considered excessive. The amount of incisor pro-
trusion that is acceptable is determined by soft tissue relationships, whatever the racial or ethnic groups.

The size of the nose and chin has a profound effect on
relative lip prominence. For a patient with a large nose
and/or a large chin, if the choices are to treat without ex
traction and move the incisors forward, or extract and re-
tract the incisors at least somewhat, moving the incisors
forward is better, provided it does not diminish the labio-
mental sulcus too much. Lack of a well-defined labiomen-
tal sulcus, which usually is related to lip strain in gaining lip
seal, can be due either to increased lower face height or
protrusion of the teeth, and this also can be taken as evi-
dence that the incisors are too prominent.

At what point are the incisors retracted to the point of
adversely affecting facial esthetics? That too depends
largely on the soft tissues. A concave profile with thinning
of the lips, so that there is little vermilion border, is an an-
esthetic trait. In a patient with thin lips, proclining the in-
cisors tends to create fuller lips with more vermilion show,
and this is likely to be perceived as more attractive. Since
the face tends to flatten with age and the lips become less
full with aging, retracting teeth in a patient with thin lips
can prematurely age the face. The upper incisors are too
far lingually if the upper lip inclines backward-it should
be slightly forward from its base at soft tissue point A (Fig-
ure 8-11, A). For best esthetics, the lower lip should be at
least as prominent as the chin. Another cause of a poorly-
defined labiomental sulcus is retroclined mandibular
incisors (Figure 8-11, B). Variations in chin morphology
may put the proper incisor-chin relationship beyond the
control of orthodontics alone, in which case chin surgery

perhaps should be considered (see the section on Class II
camouflage below, and Chapter 22).

The extraction-non-extraction decision is one deter-
minant of incisor position, but it is not the only one. Where
the incisors end up is also very much influenced by the way
the orthodontic treatment is managed. If extraction spaces
can be closed without retracting the incisors too much,
there is no esthetic liability from the extractions; and if
non-extraction treatment can be carried out without pro-
truding the incisors too much, there also would be no es-
thetic difficulty.

Stability Considerations. For stable results, how
much can arches be expanded? The lower arch is more con-
strained than the upper, and so its limitations for stable ex
pansion may be somewhat tighter than the upper arch.
Current guidelines for the limits of expansion of the lower
arch, admittedly based on limited data, are presented in
Figure 8-12. The 2 mm limitation for forward movement
of the incisors obviously is subject to considerable individ-
ual variation, but makes sense in light of the observation
that lip pressure increases sharply 2 mm out into space usu-
ally occupied by the lip (see Chapter 5). If lip pressure is the
limiting factor in forward movement, as it probably is, the
initial position of the incisors relative to the lip would be a
consideration in how much movement could be tolerated.
This suggests, and clinical observation seems to confirm
(again, limited data!) that incisors that are tipped lingually
away from the lip can be moved further forward than up-
right incisors. Incisors that are tipped labially and crowded
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FIGURE 8-11

	

A, An upper lip that inclines backward relative to the true vertical line, which
can result from retraction of upper incisors to correct excessive overjet, tends to compromise
facial esthetics, as does a poorly-defined labiomental sulcus when lip strain is required to bring
the lips together. B, Retroclined mandibular incisors, as in this patient with a prominent chin,
are another cause of a poorly-defined labiomental sulcus.

probably represent the equivalent of a titrated end point in
a chemical reaction, in that they have already become as
protrusive as the musculature will allow. Moving them any
further forward carries great risk of instability.

Figure 8-12 suggests that there is more opportunity to
expand transversely than anteroposteriorly-but only be-
hind the canines. Numerous reports show that transverse
expansion across the canines is almost never maintained. In
fact, intercanine dimensions typically decrease as patients
mature, whether or not they had orthodontic treatment,
probably because of lip pressures at the corners of the
mouth. Expansion across the premolars and molars is much
more likely to be maintained, presumably because of the
relatively low cheek pressures.

One approach to arch expansion is to expand the up-
per arch by opening the midpalatal suture. If the maxillary
base is narrow, that is appropriate treatment (see the dis
cussion of transverse maxillary deficiency, on p. 2 56). Some
clinicians theorize (with no supporting evidence) that gen-
erously expanding the upper arch by opening the suture,
temporarily creating a buccal crossbite, allows the lower
arch then to be expanded more than otherwise would have
been possible. If the limiting factor is cheek pressure, it
seems unlikely that the method of expansion would make
any difference. Because sutural expansion typically is
achieved with about 50% skeletal change and 50% tooth
movement (see further discussion below in this chapter),

FIGURE 8-12

	

Because the lower arch is more constrained,
the limits of expansion for stability seem to be tighter for it than
the maxillary arch. The available data suggest that moving lower
incisors forward more than 2 mm is problematic for stability,
probably because lip pressure seems to increase sharply at about
that point. A considerable body of data shows that expansion
across the canines is not stable, even if the canines are retracted
when they are expanded. Expansion across the premolars and mo-
lars, in contrast, can be stable.
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excessive expansion carries the risk of fenestration of pre-
molar and molar roots through the alveolar bone. For ex-
ample, 12 mm total expansion across the maxillary denti-
tion would be achieved with 6 mm widening of the suture
and 3 mm per side of dental expansion. There is an in-
creasing risk of fenestration beyond 3 mm of transverse
tooth movement (Figure 8-13). 12

Summary of Contemporary Extraction Guidelines.
Contemporary guidelines for orthodontic extraction in
Class I crowding and/or protrusion can be summarized as
follows:

• Less than 4 mm arch length discrepancy: extraction
rarely indicated (only if there is severe incisor
protrusion or in a few instances, a severe vertical
discrepancy).

• Arch length discrepancy 5 to 9 mm: non-extraction
or extraction treatment possible. The extraction/non-
extraction decision depends on both the hard- and
soft-tissue characteristics of the patient and on how
the final position of the incisors will be controlled;
any of several different teeth could be chosen for ex-
traction. Non-extraction treatment usually requires
transverse expansion across the molars and premolars.

• Arch length discrepancy 10 mm or more: extraction
almost always required to obtain enough space. The
extraction choice is four first premolars or perhaps
upper first premolars and mandibular lateral in-
cisors; second premolar or molar extraction rarely is
satisfactory.

This aspect of the extraction-non-extraction decision is
discussed further in Chapter 14, as it applies to preadolescent
(mixed dentition) children with severe crowding problems.

FIGURE 8-13

	

Excessive transverse expansion can lead to fen-
estration of roots through the lateral wall of the alveolar process. As
a teenager this patient with Class III malocclusion and maxillary de-
ficiency had major expansion of the maxilla via a jackscrew to open
the mid-palatal suture, which produces about 50% skeletal expan-
sion and 50% tooth movement. In young adult life, he has experi-
enced gingival recession after developing gingivitis and early peri-
odontal disease. Note the root exposure of the maxillary first molar,
which probably is related to the sutural expansion treatment.

Guidelines for extraction to camouflage jaw discrepan-
cies are presented below, in the discussion of that approach
to skeletal problems.

GROWTH MODIFICATION IN THE
TREATMENT OF SKELETAL PROBLEMS

The best way to correct a jaw discrepancy would be to get
the patient to grow out of it. Because the pattern of facial
growth is established early in life and rarely changes signif-
icantly (see Chapter 2), this is unlikely without treatment.
The important questions in planning treatment are the ex-
tent to which growth can be modified, and how advanta-
geous it is to start treatment early. The answers are almost
as controversial as extraction-non-extraction. In the sec-
tion of this chapter immediately below, growth modifica-
tion possibilities and the timing of treatment for the most
frequent types of skeletal problems are reviewed. Addi-
tional information on methods for early treatment of these
problems is presented in Chapter 15.

Transverse Maxillary Deficiency
Narrow skeletal width of the maxilla is indicated by narrow
width of the palatal vault (see Figure 6-52). This is one of
the few jaw dimensions that can be assessed accurately from
dental casts. Remember that a narrow maxillary dental arch
may or may not reflect narrow skeletal dimensions.

Maxillary deficiency in the transverse plane of space
may occur in children with otherwise normal jaw propor-
tions, but often it accompanies excessive vertical develop
ment in a patient with skeletal Class II malocclusion, or is
part of a three-dimensional maxillary deficiency in a Class
III patient. Isolated transverse maxillary deficiency is dis-
cussed in this section. Transverse deficiency accompanying
anteroposterior or vertical problems is discussed under
those headings.

It is appropriate to discuss maxillary deficiency at the
beginning of this discussion of skeletal problems because
of its relationship to the extraction-non-extraction deci
sion that was just reviewed. In a child with dental crowd-
ing, a diagnosis of deficient maxillary width can become a
convenient rationale for enough transverse expansion to
align the teeth. Some efforts have been made in the past to
calculate what the width of the maxilla ought to be, based
on the size of the teeth. For instance, Pont's index from the
early 1900s purports to relate the width of the maxillary
first premolars to the proper width of the maxilla. This has
been resurrected on several occasions to justify rather ex-
treme maxillary expansion. 13 Why the size of the teeth
should determine the proper size of the jaw remains unex-
plained and is unexplainable without applying Angle's
logic that function would somehow make the bone grow
around the teeth.

Widening the maxillary dental arch may or may not be
a justifiable response to crowding, depending on other cir-
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cumstances of the case; skeletal maxillary expansion cer-
tainly should not become a routine response to an inter-
molar distance that is less than the population average.

If the maxilla is narrow relative to the rest of the face,
so that the patient is in posterior crossbite and the teeth
are not obviously tipped to produce the crossbite, a diag
nosis of transverse maxillary deficiency is justified and
skeletal expansion probably is appropriate. If formation of
bone really can be stimulated by separating sutures, as cur-
rent theory suggests (see Chapter 2), opening up the mid-
palatal suture should provide a way to widen a narrow
maxilla. This is in fact the case: new bone can be induced
to form in the palate by separation of the mid-palatal
suture, which can be done conveniently by placing heavy
force across the maxillary dental arch (Figure 8-14). Like
extraoral force to the maxilla, this method was known in
the late 1800s, but was abandoned as unnecessary and po-

FIGURE 8-14

	

Transverse force across the maxilla in children
and adolescents can open the mid-palatal suture. The expansion
force is usually delivered with a jackscrew mechanism fixed to
maxillary teeth. A, Haas-type expander, with plastic flanges con-
tacting the palatal mucosa; B, Hyrax expander, with metal frame-
work and jackscrew; C, Minn-expander, which incorporates a
spring to smooth the force application.

tentially damaging. After demonstration of its potential in
experimental animals, the method was reintroduced in the
United States in the early 1960s 14 and has been widely
used since.

The age of the patient definitely is a factor in obtaining
separation of the suture. Growth in width of the jaws and
face is completed before anteroposterior and vertical growth,
and usually is complete at about the time of the adolescent
growth spurt. Like all craniofacial sutures, the mid-palatal
suture becomes more tortuous and interdigitated with in-
creasing age (see Figure 9-17). Almost any expansion device
(a lingual arch, for example) will tend to separate the mid-
palatal suture in addition to moving the molar teeth in a child
up to age nine or ten. By adolescence, relatively heavy force
from a rigid jackscrew device is needed to separate the par-
tially interlocked suture. After adolescence, there is an in-
creasing chance with advancing age that bone spicules will
have interlocked the suture to such an extent that skeletal ex-
pansion becomes impossible. Opening the suture for pa-
tients in their twenties is unlikely but not impossible. 15

Expansion across the suture can be done in two ways:
(1) rapid expansion, the original (1960s) method; and
(2) slow expansion at the rate of approximately 1 mm per
week, the method advocated more recently. With both
methods, the teeth are used as points of attachment. When
force is applied across the maxillary dental arch, some tooth
movement occurs but the two halves of the maxilla separate,
widening the mid-palatal suture and leading to bone appo-
sition. Compensatory adjustments also occur at the lateral
maxillary and frontonasal sutures. It is important to realize
that heavy force and rapid expansion should not be used in
preschool children because of the risk of producing unde-
sirable changes in the nose at that age (Figure 8-15).

One goal of growth modification always is to maximize
the skeletal changes and minimize the dental changes pro-
duced by treatment. The object of maxillary expansion is to
widen the maxilla, not just expand the dental arch by mov-
ing the teeth relative to the bone. Originally, rapid expan-
sion at the mid-palatal suture was recommended to help
meet this goal. The theory was that with rapid force appli-
cation to the posterior teeth, there would not be enough
time for tooth movement, the force would be transferred to
the suture, and the suture would open up while the teeth
moved only minimally relative to their supporting bone.
Typically, rapid palatal expansion (RPE) is done with a
jackscrew that is activated at 0.5 to 1 mm per day. Although
force levels can build up to 10 to 20 pounds as the jackscrew
is turned at that rate,' 6 the patient rarely experiences pain.
Occlusal radiographs make it clear that the mid-palatal
suture does open, and the expansion is obvious clinically
because a diastema appears between the maxillary central
incisors (Figure 8-16). A centimeter or more of expansion
is obtained in 2 to 3 weeks, with most of the movement
being separation of the two halves of the maxilla.

The space created at the mid-palatal suture is filled ini-
tially by tissue fluids and hemorrhage. After completion of
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FIGURE 8-15

	

Rapid palatal expansion in young children can lead to undesirable changes in
the nose, as in this 5-year-old who had expansion at the rate of 1/2 mm/day (2 turns/day of
the jackscrew). A, Nasal contours before treatment; B, jackscrew appliance after activation over
a 10-day period; C,D, nasal hump and paranasal swelling, which developed after the child com-
plained of discomfort related to the expansion. (Courtesy Dr. D. Patti.)

the expansion, a fixed retainer, usually the expansion device
itself stabilized so that it cannot screw itself back shut, is
used for 3 to 4 months. By then, new bone has filled in the
space at the suture, and the expansion is complete. The mid-
line diastema decreases and may disappear during this time.

The aspect of rapid expansion that was not appreciated
initially was that orthodontic tooth movement continues
after the expansion is completed, until bone stability is
achieved. In most orthodontic treatment, the teeth move

relative to a stable bony base. It is possible, of course, for
tooth movement to allow bony segments to reposition
themselves while the teeth are held in the same relationship
to each other, and this is what occurs during the approxi-
mately 3 months required for bony fill-in at the suture af-
ter rapid expansion. During this time, the dental expansion
is maintained, but the two halves of the maxilla move back
toward each other, which is possible because at the same
time the teeth move laterally on their supporting bone.
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FIGURE 8-16

	

A, Opening of the mid-palatal suture on a dried skull demonstrates
the increase in width of the roof of the mouth and the floor of the nose. The maxilla
opens as if on a hinge, with its apex at the bridge of the nose. B, The suture also opens
on a hinge anteroposteriorly, separating more anteriorly than posteriorly, as shown in
this radiograph of a patient.

FIGURE 8-17

	

Diagrammatic representation of the typical skeletal and dental response to rapid (A) vs.
slow (B) palatal expansion. Rapid expansion was recommended when the technique was reintroduced in the
1960s because it was thought that this produced more skeletal than dental change. As the graph indicates,
this is true initially-the teeth cannot respond, and the suture is opened. With 10 mm of expansion in 2
weeks, there might be 8 mm of skeletal change and only 2 mm of tooth movement at the time the expansion
is completed. It was not appreciated at first that during the next 8 weeks, while bone is filling in, orthodon-
tic tooth movement continues and allows skeletal relapse, so that although the total expansion is maintained,
the percentage due to tooth movement increases and the skeletal expansion decreases. With slow expansion
at the rate of 1 mm per week, the total expansion is about half skeletal/half dental from the beginning. The
outcome of rapid vs. slow expansion looks very different at 2 weeks but quite similar at 10 weeks.

If the changes were represented graphically, the plot
would look like Figure 8-17, A. Note that when the expan-
sion was completed, 10 mm of total expansion would have
been produced by 8 mm of skeletal expansion and only 2
mm of tooth movement. At 4 months, the same 10 mm of

dental expansion would still be present, but at that point
there would be only 5 mm of skeletal expansion, and tooth
movement would account for 5 mm of the total expansion.

If force across the mid-palatal suture is applied more
slowly, total force buildup is less. It appears that approximately
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1 mm per week is the maximum rate at which the tissues of
the midpalatal suture can adapt, so that tissue damage and
hemorrhage are minimized. To produce expansion at this
rate, 2 to 4 pounds of force appear optimal, depending on
the age of the patient.17 The higher level is needed for
older patients. From the beginning, the ratio of dental to
skeletal expansion is about 1 to l, so that 10 mm of expan-
sion over a 10-week period, at the rate of 1 mm per week,
would consist of 5 mm of dental and 5 mm of skeletal ex-
pansion (Figure 8-17, B). A large midline diastema never
appears. With expansion at this rate, the situation at the
completion of active expansion is approximately analogous
to RPE 2 to 3 months after expansion is completed, when
bone fill-in has occurred. Thus the overall result of rapid
vs. slow expansion is similar, but with slower expansion a
more physiologic response is obtained.

Slow expansion can be accomplished either by activat-
ing a special spring to give the desired 2 to 4 pounds of
force or, more practically, by turning the typical palate sep
aration jackscrew less frequently. Expansion lingual arches
that deliver force in the 1 to 2 pound range also open the
suture in young children, but in adolescents these appli-
ances produce more dental than skeletal expansion.

Since tooth movement in addition to skeletal expan-
sion is inevitable when the mid-palatal suture is widened,
the ideal patient for this treatment should have:

• Full-cusp crossbite with a skeletal component
• Some degree of dental as well as skeletal constriction

initially
• No pre-existing dental expansion
If expansion is necessary in a long face-open bite pa-

tient, it is advantageous to use a bonded expansion appli-
ance that incorporates bite blocks. This controls the in-
crease in face height that otherwise can be expected."'

Following expansion, a retainer is needed even after
bone fill-in seems complete. The active expansion appli-
ance will need to be in place for 3 to 4 months, whether the
expansion was done rapidly or slowly, and then can be re-
placed with a removable retainer or other retention device.

Class II Problems
Changing Views of Class II Treatment.

	

In the early
years of the 20th century, it was all but taken for granted that
pressure against the growing face could change the way it
grew. Extraoral force to the maxilla (headgear) was utilized
by the pioneer American orthodontists of the late 1800s

(Figure 8-18), who found it reasonably effective. This
method of treatment was later abandoned, not because it did
not work, but because Angle and his contemporaries
thought that Class II elastics (from the lower molars to the
upper incisors) would cause the mandible to be positioned
forward and therefore to grow, and that this would produce
an easier and better correction. At a later stage in the United
States, guide planes consisting of a wire framework extend-
ing down from an upper lingual arch were used to force pa-
tients to advance the mandible upon closure, also with the
idea of stimulating mandibular growth. "4

FIGURE 8-18

	

Extraoral force to the maxilla was used in the
late 1800s, then abandoned, not because of ineffectiveness, but
because it was thought that intraoral elastics produced the same
effect. (From Angle EH: Treatment of malocclusion of the teeth, ed 7,
Philadelphia, 1907, SS White Manufacturing Co.)

FIGURE 8-19

	

In a patient who is growing minimally, Class II
elastics move the maxillary teeth back somewhat, slip the
mandibular teeth forward on the mandibular base, and rotate the
occlusal and mandibular planes downward. Stimulation of
mandibular growth is not a consistent response.

With the advent of cephalometric analysis, it became
clear that both elastics and guide planes corrected Class II
malocclusion much more by displacing the mandibular
teeth mesially than by stimulating mandibular growth
(Figure 8-19). Even if the lack of desired change in jaw
relationships is overlooked, correcting a skeletal Class II
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FIGURE 8-20

	

Cephalometric superimposition showing growth modification produced by extraoral
force to the maxilla (straight-pull initially, then high-pull). In the cranial base superimposition (A), note
that the maxilla has moved downward and backward, not in the downward and forward direction that
would have been expected (and that was shown by the mandible). From the maxillary superimposition
(B) it can be seen that the protruding and spaced upper incisors were retracted, but there was very little
posterior movement of the upper molars. In the mandibular superimposition (C), note that the lower mo-
lars erupted more than the upper molars (i.e., good vertical control of the upper molars was maintained).

problem in this way is undesirable because the resulting
mandibular dental protrusion often is unstable. As the pro-
truding lower incisors tend to upright after treatment,
lower incisor crowding and overjet return. Because of this,
these methods and with them the idea of mandibular
growth stimulation fell into disrepute in the United States.

Although headgear was reintroduced in the 1940s and
came to be widely used in Class 11 treatment, it was seen
primarily as a tooth-moving device until cephalometric
studies in the late 1950s clearly demonstrated not only re-
traction of upper teeth but also effects on maxillary growth
(Figure 8-20). 19 Even then, American orthodontists were
slow to accept the idea that mandibular as well as maxillary
growth could be manipulated clinically. They recognized
that the success of headgear treatment depends on
mandibular growth-restraining maxillary growth suc-
ceeds in producing a differential in favor of mandibular
growth only if the mandible grows spontaneously-but
continued to doubt that mandibular growth could be stim-
ulated. As headgear for growth modification became in-
creasingly important, concerns that treated patients might
show more downward and less forward mandibular growth
(Figure 8-21) led to less use of cervical (neck-strap) force
and more use of straight-pull and high-pull devices.

In Europe, efforts to stimulate mandibular growth led
to the development of a family of "functional appliances."

FIGURE 8-21

	

Ifextraoral force to the maxilla moves it down-
ward, mandibular growth will be expressed more vertically and
less horizontally, impeding the successful correction of a Class II
problem. In the extreme case, with minimal mandibular growth,
the downward and backward rotation of the mandible can actually
cause a worsening of the problem, as in the possible response to
low-pull headgear shown diagrammatically here. For this reason,
an upward and backward direction of pull is usually needed.

These appliances hold a deficient mandible forward in a
position that approximates normal occlusion. Their proto-
type was Robin's monobloc, first described in 1907, but
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FIGURE 8-22

	

The activator appliance consists of a single block of plastic, constructed so that the
lingual flanges on the lower cause the mandible to be positioned forward. Typically, the mandibular incisor
teeth are capped so that forward movement is resisted, while the mandibular posterior teeth are free to erupt.
A, Appliance in position intraorally; B, appliance out of the mouth.

FIGURE 8-23

	

The difference between growth acceleration
in response to a functional appliance and true growth stimulation
can be represented using a growth chart. If growth occurs at a
faster-than-expected rate while a functional appliance is being
worn, and then continues at the expected rate thereafter so that
the ultimate size of the jaw is larger, true stimulation has occurred.
If faster growth occurs while the appliance is being worn, but
slower growth thereafter ultimately brings the patient back to the
line of expected growth, there has been an acceleration, not a true
stimulation. Although there is a great deal of individual variation,
the response to a functional appliance most often is similar to the
solid line in this graph.

Andresen's activator of the early 1930s and similar appli-
ances used thereafter in Switzerland and Germany popu-
larized this approach and provided the name (Figure 8-
22).20 The idea was that forcing the patient to function
with the lower jaw forward would stimulate mandibular
growth and thereby correct the Class II malocclusion. The
basic concept was thus quite similar to that of the guide
plane. The activator and its successors differed from the
fixed guide plane in being removable, but more impor-
tantly, they provided a greater area of contact with
mandibular teeth and lingual mucosa and thus were more

effective in stimulating the patient to hold the mandible
forward constantly. In addition, the plastic framework pro-
vided contact with all teeth, giving better resistance to for-
ward displacement of lower incisors and allowing control
of eruption. These appliances, which were felt to success-
fully modify mandibular growth, were the mainstay of
European orthodontics in the mid-20th century, at a time
when the possibility of changing jaw growth was largely
rejected in the United States.

By the 1980s clinical success with functional appli-
ances, including impressive amounts of mandibular
growth in some cases, had been clearly demonstrated on
both sides of the Atlantic, but questions about whether
they could really stimulate mandibular growth continued.
Growth stimulation can be defined in two ways: (1) as the
attainment of a final size larger than would have occurred
without treatment, or (2) as the occurrence of more
growth during a given period than would have been ex-
pected without treatment. Figure 8-23 is a hypothetical
plot of the response to functional appliance treatment, il-
lustrating the difference between (1) absolute stimulation
(larger as an adult) and (2) temporal stimulation (accelera-
tion of growth). As the figure suggests, an acceleration of
growth often occurs when a functional appliance is used to
treat mandibular deficiency, 21 but the final size of the
mandible is little if any larger than it would have been
without the treatment. Z Cephalometric superimposition
analysis often shows more mandibular growth in the first
months that a child wears a well-designed functional ap-
pliance than would have been expected (Figure 8-24). This
is likely to be followed by a decrease in growth later, so
that although the mandible grew faster than normal for a
while, later growth was slower than would have been ex-
pected and the ultimate size of the mandible in treated and
untreated patients is similar.

If that view of their effect on mandibular growth is
correct, functional appliances must do something else be-
sides stimulate mandibular growth. Otherwise, the Class II
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FIGURE 8-24 A, Cephalometric superimposition during activator treatment, showing excellent
downward and forward mandibular growth between ages 11 and 13; B, cephalometric superimpositions
for same patient between ages 13 and 15, during fixed appliance therapy for final positioning of teeth. For
this patient, the growth response to the activator was much more an acceleration than a true stimulation,
as revealed by more growth than expected at first, and less growth later; yet the activator phase of treat-
ment was quite successful in improving the jaw relationship.

malocclusion would never be corrected or would not stay
corrected. In fact, these appliances also can affect the max-
illa and the teeth in both arches. When the mandible is
held forward, the elastic stretch of soft tissues produces a
reactive effect on the structures that hold it forward. If the
appliance contacts the teeth, this reactive force produces
an effect like Class Il elastics, moving the lower teeth for-
ward and the upper teeth back, and rotating the occlusal
plane (see Figure 8-19). In addition, even if contact with
the teeth is minimized, soft tissue elasticity can create a re-
straining force on forward growth of the maxilla, so that a
"headgear effect" is observed (see Figure 8-24). Any com-
bination of these effects can be observed after functional
appliance treatment.

By the late 1980s, although growth modification possi-
bilities were understood much better than any time previ-
ously, it was clear that data were needed to document the
chances of success with growth modification and to answer
the often-heated question as to which was more effective,
headgear or functional appliance. With support from the
National Institute of Dental Research, a series of random-
ized clinical trials of alternative approaches to Class II
treatment were carried out in the 1990s. Although all the
data from these studies are not yet analyzed and published,
the new information has both confirmed some previous
concepts and led to revision of others.

The Randomized Clinical Trials of the 1990s.

	

Three
major projects using randomized clinical trial methodology
were carried out at the University of North Carolina, Uni
versity of Florida and University of Pennsylvania.23-28 Al-
though there were differences in the precise goals of these
studies and in the procedures, the major objective in each
case was to compare the outcome of treatment using either
a functional appliance to posture the mandible forward or
headgear to restrain maxillary growth, to no treatment.
The results provide by far the best data that ever have been
available for the response to early Class II treatment.

These data show that, on average, children treated
with either headgear or a functional appliance had a small
but statistically significant improvement in their jaw rela
tionship, while the untreated children did not. One of the
striking findings, however, was the great variation within
both the treated and the control groups. Data for cephalo-
metric changes in the UNC trial are shown in Figure 8-2
and in Figure 8-25; the data from the other two studies are
similar. Although on average there was no change in the
jaw discrepancy of the untreated children, the graphs make
it clear that without treatment, some children improved,
one or two quite impressively, while an equal number got
worse. On average, both the treated groups showed an im-
provement in jaw relationship. Although the decrease in
ANB and related measures was quite similar for headgear
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FIGURE 8-25

	

Changes in the anteroposterior positions of
points A and B, and of the maxillary and mandibular incisors, dur-
ing phase 1 of the UNC clinical trial. Headgear reduced the
prominence of point A (maxilla), while functional appliance treat-
ment had a greater effect on point B (mandible), but there was
considerable variation in the skeletal growth response among the
children in all three groups. Note that both types of treatment
tended to reduce the prominence of the upper incisors. Func-
tional treatment tended to bring the lower incisors forward. The
wide range of changes in the untreated control group, not sur-
prisingly, was mirrored in the treated children.

and functional appliance, the mechanism by which this oc-

curred usually was different.

In theory, functional appliance therapy should increase

mandibular growth, while headgear should primarily re-

strain maxillary growth. The clinical trial data show that, as

a rule, this is what happened. During their preadolescent

treatment, on average the children with a functional appli-

ance had a greater increase in mandibular length and a

greater increase in the SNB angle than either the controls or

the headgear patients. The headgear patients showed greater

effects on the maxilla (though the Florida trial did not show

statistically significant restraint of maxillary growth with

their somewhat unusual protocol for headgear wear).

By no means all the children in the clinical trials re-

sponded as might have been expected. The number of chil-

dren with highly favorable, favorable, zero, and negative

growth changes in the UNC study is shown in Figure 8-26.

Note that with both headgear and functional appliance

treatment, about 75% of the children showed a favorable

response, with 25%-30% showing a highly favorable re-

sponse. In the context of Figure 8-23, there was a 75%

chance of mandibular growth acceleration with a func-

tional appliance. The other one-fourth of the children did

not respond to treatment.

FIGURE 8-26

	

The percentage of children with highly favor-
able to unfavorable annualized changes in the ANB angle during
phase 1 of the UNC clinical trial. A reduction of 1.5° or more in
the ANB angle and a decrease in overjet was considered highly fa-

vorable; a decrease in ANB >0.5° was considered favorable; a

change in ANB less than ±0.5° was considered no response; and
an increase in ANB >0.5° or an increase in overjet was considered
unfavorable. Note that two children (3.8%) in the control group
had a highly favorable response, while 15 % got worse. In the func-
tional group 20% had a highly favorable response, and in the head-
gear group 30%. In both treated groups 75%-80% responded
favorably to treatment. Cooperation undoubtedly was a factor in
the failure of the others to respond but is not a total explanation.
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Why did some children respond well while others did
not? And why did some children improve even without
treatment while others got worse? The second question is
easier to answer than the first-some of the untreated chil-
dren simply had a favorable growth pattern, while others
did not-but the answer sheds some light on the variation
in response of the treated children as well. The better a
child cooperates with treatment by wearing the appliance
as prescribed, the better the result should be and vice
versa. There is no doubt that cooperation is an important
factor in establishing the results of treatment. But the clin-
ical trials strongly suggest that cooperation alone does not
explain the variability in outcomes. It seems likely that the
most favorable responses to treatment are achieved in chil-
dren who tend to be growing favorably anyway, and that
some unfortunate children who grow unfavorably do not
respond well even though they were reasonably coopera-
tive.

It is interesting that psychologic testing showed no dif-
ferences between the children who were treated in the mixed
dentition and those who were not. The psychosocial impact
of malocclusion seems to become important as sexual devel-
opment and awareness occur during puberty. There also are
no differences in periodontal status between children who
received early treatment and those who did not. The chance
of trauma to incisors decreases in the treated children, per-
haps because of the reduction in overjet.

If the first question about growth modification treat-
ment is, "Does it really modify growth?", the answer now
can be, "Yes, though not always or to a large extent." The
second question then must be, "Does early treatment really
make any difference in the long run, compared with treat-
ment during adolescence?" After two years of treatment,
the Florida trial followed their subjects for six months of
"retention," with the headgear or functional appliance
worn only at night, and for another six months without any
treatment. They reported that the skeletal changes pro-
duced in the treatment period usually were maintained,
while the dental changes relapsed-but the short follow-up
time on which this conclusion was based must be noted.
The UNC trial was extended into a second phase of treat-
ment for all the children, to compare early two-stage with
later one-stage treatment more completely. Both the for-
mer controls and the two groups who had preadolescent
growth modification treatment received comprehensive
fixed appliance orthodontics when their permanent teeth
erupted, during adolescence.

These data show that changes in skeletal relationships
created during early treatment were likely to be at least par-
tially reversed by later compensatory growth, in both the
headgear and functional appliance groups. As Table 8-2
shows, at the end of phase 2, on average, much of the skele-
tal difference between the former controls and the early
treatment groups had been lost. PAR scores, which reflect
the alignment and occlusion of the teeth, also were not dif-
ferent at the end of phase 2 between the children who had
early treatment and those who did not (Table 8-3).

One advantage of early treatment might be a reduction
in the number of patients requiring premolar extraction or
orthognathic surgery. In theory, if growth modification
were successful, fewer extractions for camouflage of the un-
derlying skeletal Class II relationship would be needed and
fewer patients would need surgery to improve the jaw rela-
tionship. In the UNC clinical trial, the number of control
and headgear patients requiring extractions or surgery dur-
ing phase 2 were quite similar (Table 8-4). Functional ap-
pliance treatment appeared to increase rather than decrease
the need for extractions. Although surgery was discussed
more often with the control than the early treatment pa-
tients, it was not performed more often (Table 8-5).

TABLE 8-3

	

Class II RCT PAR Scores

TABLE 8-4

	

Class II RCT Extractions by Doctor and Group

TABLE 8-5

	

Class II RCT Phase 2 Surgery



FIGURE 8-27

	

Facial changes produced by functional appliance treatment in a boy with a short
face, skeletal deep bite malocclusion. AB, Age 10 prior to treatment; C,D, age 12 after 26 months
of treatment. Note the increase in anterior face height and decrease in the labiomental fold.
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From these studies, what can be concluded about the
success of attempts to modify growth in Class II children
and the benefits of early treatment for Class II problems?
It appears that:

• Skeletal changes are likely to be produced but tend to
be diminished or eliminated by subsequent growth

• Alignment and occlusion are very similar in children
who did not have early treatment and those who did,

and the percentage of children with excellent, good,
and less favorable outcomes also is very similar

• The chances of trauma to protruding upper incisors
are decreased by early treatment (a statistically sig-
nificant difference in the UNC study)

• Signs of TMD are reduced by early treatment (a sig-
nificant difference in the Florida study but based on
relatively short follow-up)
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Based on these results, it seems likely that enthusiasm
will diminish for two-phase treatment of Class 11 problems.
The likely outcome will be a better definition of the cir
cumstances in which a first phase of growth modification
treatment is most useful, and clearer indications for specific
procedures. Perhaps two-phase treatment will be seen to be
indicated only for children with esthetic complaints or a
propensity for traumatic injury (which would tend to be
those with the more severe skeletal problems), and perhaps
when it is used in the future, the optimum timing can be
better defined. Chapter 15 focuses on the various methods
for growth modification and attempts to put them in the
perspective of the current studies.

There is a major interaction between the vertical and
horizontal anteroposterior characteristics of malocclusion.
Although the existing data do not provide clear-cut compar
isons of the sort derived from clinical trials, it seems likely
that the approach to growth modification should be differ-
ent in children with short, normal, and long faces. Because
children with vertical skeletal deviations of any severity were
screened out of the recent clinical trial groups, the quality of
the existing data for control of vertical growth problems is
less than one would wish. The recommendations that follow
for treatment of Class 11 children with varying face heights
are based on our review of what is known at present.

Short Face (Skeletal Deep Bite) Class II.

	

For any
child with a skeletal Class 11 problem, the objective of treat-
ment is to obtain differential growth of the jaws, so that the
mandible catches up with the maxilla and the skeletal prob-
lem improves or disappears. The additional goals for a
short face, deep bite child are, as the child grows, to:

• block eruption of the incisor teeth
• control eruption of the upper posterior teeth
• facilitate eruption of the lower posterior teeth
The goal is to increase face height and correct the deep

bite, while allowing more eruption of the lower than the
upper teeth so that the occlusal plane rotates up posteriorly,
in the direction that facilitates Class 11 correction (see
Chapter 15 for a more complete explanation of how oc-
clusal plane rotation can facilitate or impede the desired
occlusal changes).

This pattern of change is produced most effectively
with a functional appliance. Although cervical headgear
tends to open the bite anteriorly and therefore would help
to correct a deep bite problem, it differentially erupts the
upper rather than the lower molars and does not produce
the desired change in orientation of the occlusal plane.
Functional appliances of the activator-bionator type are
particularly useful in patients of this type (Figures 8-27 and
8-28), but other types of functionals also can be employed.
Because fixed functionals of the Herbst type tend to de-
press upper molars, usually they are not recommended for
short face patients.

Class II Children with Normal Face Height. The
clinical trial data make it clear that Class 11 children with
normal face height (many of whom have anterior deep bite
because of excessive eruption of lower incisors) can be
treated with approximately equal success with two-stage
treatment using either headgear or a functional appliance
in stage 1, or with one-stage treatment during early adoles-
cence. Retrospective data indicate that for children with
normal face height, functional appliances and cervical

FIGURE 8-28

	

Dental changes, (same patient as Figure 8-27). A,B, Prior to treatment. Note the gin-
gival inflammation around the maxillary right central incisor resulting from palatal trauma from the deep,
bite. C, Deep bite bionator, constructed to allow eruption of lower posterior teeth and block eruption of
incisors and upper posterior teeth. D,E, Dental relationships at the conclusion of phase 1 treatment, age
12. A second stage of treatment will be needed when the remaining succedaneous teeth erupt.
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headgear produce nearly identical vertical changes and
growth increments, 29 so the type of headgear also may not
be a critical variable in the skeletal response, but if molars
are moved distally and extruded, the mandibular plane an-
gle tends to increase. 30

Within the normal face height group, if the decision is
to proceed with mixed dentition treatment rather than
wait, current data do not provide solid indications for one
treatment approach over another. The current guidelines
can be summarized as:

• Either headgear or almost any type of functional
appliance is acceptable

• Straight-pull or high-pull headgear is preferred over
cervical headgear, to reduce elongation of maxillary
molars and better control the inclination of the
mandibular plane

• Functional appliance types that minimize tooth
movement are preferred, to obtain maximal skeletal
effects and minimize compensatory tooth movement

Further comments and recommendations about the
advantages and disadvantages of various types of fixed and
removable functional appliances, and suggestions for effec-
tive use of headgear, are provided in Chapter 15.

Long Face (Skeletal Open Bite) Class II. Skeletal
open bite is characterized by excessive anterior face height.
The major diagnostic criteria, either or both of which may
be present (see Chapter 6), are a short mandibular ramus
and a rotation of the palatal plane down posteriorly.
The typical growth pattern shows vertical growth of the
maxilla, often more posteriorly than anteriorly, coupled
with downward-backward rotation of the mandible and
excessive eruption of maxillary and mandibular teeth (Fig-

FIGURE 8-29

	

Cephalometric superimposition for a patient
who experienced significant vertical maxillary growth after the
completion of orthodontic treatment, without equivalent
mandibular growth so that the mandible rotated downward and
backward. Black = age 14; red = age 19. The effect was to produce
Class 11 malocclusion by rotating the mandible down and back.

ure 8-29). Only two-thirds of this patient group actually
have an open bite-in the others excessive eruption of in-
cisors keeps the bite closed-but rotation of the mandible
produces Class II malocclusion even if the mandible is
normal size and severe Class lI if the mandible is small.

It follows logically from the description that the keys
to successful growth modification would be restraining
vertical development and encouraging anteroposterior
mandibular growth, while controlling the eruption of teeth
in both jaws. Of the several strategies available (Box 8-2),
high pull headgear to the maxillary first molars is the least
effective because it does not control the eruption of other
teeth. High-pull headgear to a maxillary splint is better 31

but still does not control the eruption of the lower teeth,
and if they can continue to erupt, face height can continue
to increase. Eruption of lower teeth is controlled most
readily with interocclusal bite blocks, which are easily in-
corporated into a functional appliance that also postures
the mandible forward (Figure 8-30). If the bite block sepa-
rates the teeth more than the freeway space, force is created
against both upper and lower teeth that opposes eruption.
Vertically-directed extraoral force to the functional appli-
ance gives better control of maxillary growth (Figure 8-31),
so the most effective treatment is a combination of a func-
tional appliance with bite blocks and high-pull headgear. 32

FIGURES-30

	

Functional appliance with bite blocks between
the teeth, being used in this case with high-pull headgear in a
long-face patient who also required premolar extractions and
fixed-appliance treatment.

HIERARCHY OF EFFECTIVENESS IN
LONG-FACE CLASS II TREATMENT

HP headgear to functional with bite blocks

Bite blocks on functional appliance

High-pull headgear to maxillary splint

High-pull headgear to molars
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As with all treatment of this type, cooperation is im-
portant. It is asking more of a child to wear both a func-
tional appliance and a headgear than to wear either alone.
For treatment planning purposes, it is wise to keep in mind
the prognosis is not as good as with less complex problems,
even in a cooperative child. This type of treatment is dis-
cussed in some detail in Chapter 15.

In an older patient whose face height exceeds accept-
able adult dimensions, it is not enough to prevent further
eruption of posterior teeth; intrusion is needed. Bite
blocks produce a light-force intrusive force by stretching
the soft tissues, and some intrusion can result but not
enough for successful treatment in most instances. It is
tempting to think that more force would be better, and
some clinicians have advocated the use of magnets in up-
per and lower splints oriented so that the magnets repel
each other as the splints come together (Figure 8-32).
There are both theoretical and practical problems with

this approach. Successful intrusion requires very light
prolonged force (see Chapter 10), so it is questionable
whether more force should be better. The size of the mag-
nets makes the splints hard to wear and tends to induce
poor cooperation. The available evidence suggests that, al-
though intrusion is observed in some patients, the effect of
magnets is not greater than could be achieved with bite
blocks alone. Most older long-face patients will need or-
thognathic surgery.

The long face patient described as "Class III rotated
to Class P' is a particularly difficult problem, and the one
who is still Class III although the mandible is rotated even
worse. Any treatment that decreases the excess face height
tends to make the Class III condition worse by rotating the
mandible upward and forward. Conversely, almost all ther-
apy to control Class III growth tends to increase face
height. It is not surprising that most of these patients even-
tually require orthognathic surgery.

FIGURE 8-31

	

A, Functional appliance with bite blocks and tubes for attachment of a facebow; B, face-
bow inserted into tubes, with the appliance outside the mouth; C, patient with high-pull headgear at-
tached to the functional appliance. Note the short outer bow on the facebow, so that the line of force is
directed through the point of attachment.
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FIGURE 8-32

	

Magnetic splints for intrusion of posterior teeth. A, Diagrammatic representa-
tion of maxillary and mandibular splints containing two magnets in each splint on each side;
B, clinical photograph of splints of this design.

Class III Problems
Growth modification for Class III problems is just the re-
verse of Class II: what is needed is differential growth of the
maxilla relative to the mandible. Edward Angle's concept
was that Class III malocclusion was due exclusively to ex-
cessive mandibular growth. In fact, almost any combina-
tion of deficient maxillary growth and excessive mandibu-
lar growth can be found in Class III patients, and maxillary
deficiency and mandibular excess are about equally likely.
The realization that maxillary deficiency is so frequently a
component of skeletal Class III, and new possibilities for
correcting it, have led recently to a great increase in treat-
ment aimed at promoting maxillary growth. Unfortunately,
data from randomized clinical trials are not available, and
treatment recommendations must be based on reports
from small and often poorly controlled studies.

Horizontal-vertical Maxillary Deficiency.

	

If head-
gear force compressing the maxillary sutures can inhibit
forward growth of the maxilla, reverse (forward-pull) head
gear separating the sutures should stimulate growth (Fig-
ure 8-33). The response of the midpalatal suture to expan-
sion confirms that bone formation at the sutures can be
induced. Until recently, however, efforts to stimulate max-
illary growth in the anteroposterior and vertical planes of
space were impressive mainly for their lack of success. The
usual effect of reverse headgear was forward movement of
maxillary teeth, with little or no skeletal effect on the max-
illa, along with downward and backward rotation of the
mandible. In the late 1970s, Delaire and coworkers in
France showed that forward positioning of the skeletal
maxilla could be achieved with reverse headgear, if treat-
ment was begun at an early age. 34 The French results
suggested that successful forward repositioning of the max-
illa can be accomplished before age 8, but after that ortho-
dontic tooth movement usually overwhelms skeletal
change. Subsequent clinical experience suggests that skele-
tal change can be produced in older children, perhaps up to
adolescence. 35 The best data, however, indicate that an in-
crease in maxillary growth only occurs in young patients
(below age 10). 36 For this reason, a child with maxillary de-

FIGURE 8-33

	

Forward traction against the maxilla typically
has three effects: (1) some forward movement of the maxilla, the
amount depending to a large extent on the patient's age; (2) for-
ward movement of the maxillary teeth relative to the maxilla; and
(3) downward and backward rotation of the mandible because of
the reciprocal force placed against the chin.

ficiency should be referred for complete evaluation as early
as possible. The chance of successful forward movement is
essentially zero by the time sexual maturity is achieved.

Even in young patients, two side effects of treatment
are almost inevitable when reverse headgear is used (see
Figure 8-33): forward movement of maxillary teeth relative
to the maxilla and downward and backward rotation of the
mandible. For this reason, in addition to being preadoles-
cent, the ideal patients for treatment with this method
would have both:

• Normally positioned or retrusive, but not protru-
sive, maxillary teeth

• Normal or short, but not long, anterior facial verti-
cal dimensions

The Delaire face mask design (Figure 8-34) is best de-
scribed as "deceptively simple," in that it is remarkably un-
obtrusive and consequently is well accepted by children,
who will wear it about as well as the standard headgear. The
attachment is to a maxillary splint incorporating all the
teeth. This can be removable, if enough retention can be
gained, or bonded. If a three-dimensional deficiency exists,
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FIGURE 8-34 Delaire-type facemask or reverse headgear
used to place forward traction against the maxilla.

so that the maxilla is narrow as well as deficient anteropos-
terior and vertically, slow expansion can be done simulta-
neously with protraction. A banded or bonded expansion
appliance provides a convenient attachment for the face
mask. It is doubtful, however, that the expansion itself
offers any net gain in forward movement of the maxilla.

Mandibular Excess. Extraoral force applied via a
chin cup (Figure 8-35) is not completely analogous to the
use of extraoral force against the maxilla because there are
no sutures to influence. If the cartilage of the mandibular
condyle were a growth center with the capacity to grow in-
dependently, one would not expect chin cup therapy to be
particularly successful. From the opposite and more con-
temporary view that condylar growth is largely a response
to translation as surrounding tissues grow, a more opti-
mistic view of the possibilities for growth restraint would
be warranted. Research in recent years (see Chapter 2) in-
dicates that the second view of mandibular growth is more
correct. Nevertheless, results from chin cup therapy are
usually discouraging.

There are two major ways to direct force against the
mandible (Figure 8-36). The first is to apply it on a line
directly through the mandibular condyle, with the intent
of impeding mandibular growth in exactly the same way
that extraoral force against the maxilla impedes its growth.
This works in experimental animals, 37 but in humans the
changes are considerably less impressive. Perhaps the dif-
ficulty can be attributed to the nature of the temporo-
mandibular joint, which makes it difficult to create a

FIGURE 8-35

	

Chin cup appliance with a soft cup in clinical use. A, Anterior view;
B, lateral view. Note that the force direction is slightly below the head of the condyle.
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FIGURE 8-36

	

There are two main approaches to chin cup

therapy, as shown diagrammatically here: heavy force aimed di-

rectly at the condylar area, or lighter force aimed below the

condyle to produce downward rotation of the mandible.

restraining force against the condyle, or it may reflect a

more fundamental difference between maxillary and

mandibular growth (see Chapter 9).

A second approach to chin cup therapy is to orient the

line of force application below the mandibular condyle, so

that the chin is deliberately rotated downward and back

ward. Less force is applied than when direct growth re-

striction is the objective. In essence, an increase in facial

height is traded for a decrease in the prominence of the

chin. This can be quite effective within the limits estab-

lished by excessive face height. Obviously, it would work

best in individuals who had short facial vertical dimensions

initially (Figure 8-37).

When extraoral force is applied against the chin, it is

difficult to avoid tipping the lower incisors lingually. An

elastic type of chin cup (the sort worn by football players,

adapted for orthodontic use) transfers a significant amount

of force to the base of the alveolar process and causes up-

righting of the lower incisors. Even when a more rigid chin

cup is used, a component of dental displacement in addition

to the desired skeletal change is usually observed. If the

mandibular dentition was protrusive initially, of course, up-

righting of the incisors is desirable. In most cases, however,

the incisor uprighting is an undesirable side effect and can

cause crowding.

Functional appliances for mandibular prognathism

work in exactly the same way as the second approach to

chin cup therapy: they rotate the mandible downward and

backward. The construction bite for Class III functional

FIGURE 8-37

	

Diagrammatic representation of a typical re-
sponse to chin cup therapy, showing the downward and backward
rotation of the mandible accompanied by an increase in facial
height.

appliances is based on opening the mandible on a hinge,

creating additional vertical space into which eruption of the

teeth is guided. Just the reverse of the eruption pattern in

Class II treatment is desired: the upper molars should erupt

more than the lower. Although there are several types of

Class III functional appliances, none of these create any di-

rect force to restrain the mandible.

The ideal patient for chin cup or functional appliance

treatment of excessive mandibular growth has:

• A mild skeletal problem, with the ability to bring the

incisors end-to-end or nearly so

• Short vertical face height

• Normally positioned or protrusive, but not retru-

sive, lower incisors

It is possible to combine maxillary protraction and chin

cup force against the mandible, which accentuates down-

ward-backward rotation of the mandible, 38 but patients

with severe Class III problems, especially those with

mandibular prognathism, will eventually require surgical

correction (see Chapter 22). Modification of excessive

mandibular growth can be successful only within narrow

limits, whatever the appliance system. Maxillary deficiency

is somewhat more treatable, but bringing the maxilla for-

ward more than a few millimeters is unlikely. As a guide-

line, more than 4 mm reverse overjet in a preadolescent

child indicates that surgery eventually will be needed.

CLASS II PROBLEMS IN ADOLESCENTS

The goal of treatment for Class II problems in adolescents

(in addition to correcting any other problems that are pre-

sent) is to establish the correct overjet and buccal segment

occlusion. Exactly how this was expected to occur has been

viewed differently at different times. Edward Angle was

confident that if Class 11 elastics were used, differential
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FIGURE 8-38 The "pitchfork analysis," which projects
changes related to Class 11 correction to the occlusal plane, is a
convenient way to show how dental and skeletal changes in both
arches sum to produce the total change in occlusal relationships.
As one might expect, a mix of dental and skeletal changes occur
during treatment of almost any type, but apparently similar total
changes can be produced in a variety of ways. (Redrawn from
Johnston LE, Brit f Orthod 23:93, 1996.)

growth of the mandible would produce most if not all the
correction. When early cephalometric data showed that
this rarely occurred and that most of the correction was
produced by tooth movement, skeletal changes were dis-
counted and it was expected that most of the correction
would have to be produced by moving the teeth. More re-
cently, the demonstration of growth modification by head-
gear and functional appliances led to renewed optimism
about growth in adolescents contributing to the correction.
The questions now are whether enough growth to make a
difference can be expected in this age group and what mix
of treatment responses can be expected.

There are no data from clinical trials of adolescent
Class II treatment. The outcomes of treatment with differ-
ent methods, however, have been evaluated by many inves
tigators, so that a reasonable body of data exists for com-
parison of alternatives. Lysle Johnston has proposed a
method of cephalometric analysis designed to specifically
address the question of exactly what does happen in Class
II treatment. 39 His "pitchfork analysis" (Figure 8-3 8) sums
the skeletal and dental components of Class II correction
along the occlusal plane so that it is easy to see how the end
result was obtained. To the extent possible, this thinking is
used in the following discussion of the relative merits of
various treatment plans for adolescent Class II problems.

There are four major approaches to Class II problems
in adolescents: growth modification with headgear or func-
tional appliance and three variations of tooth movement:
(1) distal movement of maxillary molars, and eventually the
entire upper dental arch, (2) retraction of maxillary incisors
into a premolar extraction space, and (3) a combination of
retraction of the upper teeth and forward movement of the
lower teeth.

Growth Modification in Adolescents
The guiding principle is that growth can only be modified
when it is occurring. Because dental and skeletal develop-
ment are not tightly linked (see Chapter 2), treatment start-
ing with the eruption of the permanent teeth could come
almost anywhere from the beginning to the end of the ado-
lescent growth spurt. Obviously, growth modification
would be more successful when more growth remains.

As a general guideline, even in the most favorable cir-
cumstances it is unlikely that more than half of the changes
needed to correct Class II malocclusion in an adolescent
would be gained by differential jaw growth (i.e., a 3-4 mm
contribution from growth to the total Class Il correction
would be as much as one could hope for) . 40 The more ma-
ture the patient, the less growth change should be expected.
Both the phase 2 results from the UNC clinical trial and
data from retrospective analyses show that favorable
growth often occurs in adolescents and that early (preado-
lescent) treatment is not routinely superior in guiding
growth. Because growth can be so unpredictable, often it is
necessary to plan adolescent treatment so that the amount
of tooth movement can be adjusted in compensation for
whatever growth did occur.

An additional factor in the selection of a growth mod-
ification appliance comes into play with adolescents, its
compatibility with a fixed appliance on the teeth. A com
plete fixed appliance cannot be used in the mixed dentition,
so this does not affect the choice of headgear vs. a func-
tional appliance for early treatment. In adolescents there is
no reason to delay aligning the teeth, and a growth modifi-
cation appliance that makes this difficult or impossible is a
disadvantage. Headgear is compatible with fixed appliances
but most functional appliances are not. If a functional ap-
pliance is desired for adolescent treatment, often a fixed
functional that allows brackets on the incisor teeth is the
best choice.

To be successful, a functional appliance must displace
the condyles (or stimulate the patient to displace them) a
critical distance for a critical amount of time. The distance
of condylar displacement rarely is considered, simply be-
cause almost any functional appliance repositions the
condyles enough to be effective if it is worn enough. This
becomes important, however, when we examine the growth
modification effect of Class II elastics or flexible fixed units
(like those in the "Jasper jumper" or similar devices-see
Chapter 17). Both elastics and flexible fixed units have lit-
tle growth effect and mostly move teeth, probably because
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they do not displace the condyles far enough. Neither elas-
tics nor flexible fixed units should be considered a substi-
tute for headgear or a functional appliance.

Correction by Tooth Movement
Distal Movement of the Upper Teeth.

	

If the upper
molars could be moved posteriorly, this would correct a
Class II molar relationship and provide space into which
the other maxillary teeth could be retracted. If the maxil-
lary first molars are rotated mesio-lingually, as they often
are when a Class II molar relationship exists, correcting the
rotation moves the buccal cusps posteriorly and provides at
least a small space mesial to the molar (Figure 8-39). Tip-
ping the crowns distally to gain space is more difficult, and
bodily distal movement is more difficult still. The problem
is that the second and third molars are in the way, and there
is little or no space in the maxillary tuberosity to move all
the molars back. Vertical growth helps: it is much easier to
tip a molar distally if it can extrude at the same time.

From this perspective it is easy to understand that the
most successful way to move a first molar distally is to ex-
tract the second molar, which creates space for the tooth
movement. In the absence of vertical growth this is the
only way to create significant distal movement. Extraction
of maxillary second molars and distal movement of the re-
maining upper teeth can successfully correct moderate
Class II malocclusion in mature adolescents with limited
growth potential . 41 Even with second molar extraction,

FIGURE 8-39

	

In a patient with Class II malocclusion, the up-
per first molar usually is rotated mesio-lingually. Correcting this
rotation, which is necessary to obtain proper occlusion with the
lower first molar, moves the buccal cusps distally. This improves
the buccal occlusal relationship and creates at least a modest
amount of space for retraction of other maxillary teeth.

however, one should not expect more than 4 mm distal
movement. The ideal patient for this plan, therefore, is
one who has less than a full cusp Class II molar relation-
ship. Either extra-oral force or Class II elastics can be used
to produce the tooth movement. Each has advantages and
disadvantages. Headgear provides heavy intermittent
rather than light continuous force and is ineffective unless
patients wear it most of the time, but it concentrates the
force where it is needed and may contribute to growth
modification. It is easier to get patients to wear Class II
elastics full-time or nearly so, and the force magnitude is
appropriate for tooth movement, but the elastics tend to
bring the lower arch forward.

Distal movement of upper molars is difficult when
second molars are present. Both molars can be tipped
back, especially if they also elongate. Creating the force
system is a problem. One possibility is Class II elastics
against a maxillary arch arranged so the force is concen-
trated against the upper first molars (see Chapter 17). This
creates some distal movement of the upper teeth, but the
molar relationship is corrected mostly by the lower molar
coming forward. Palatal anchorage for the molar move-
ment can be created by splinting the maxillary premolars
and including an acrylic pad in the splint so that it contacts
the palatal mucosa. In theory, the palatal mucosa resists
displacement; in clinical use, tissue irritation is likely.
Force to move the molars back can be derived from nickel-
titanium springs, magnets, or other spring arrangements
(Figure 8-40). 41 '43 Even with the more elaborate appli-
ances of this type, not more than half the total Class II
correction can be expected from distal movement of the
molars. Even if they are tipped back further than that ini-
tially, they come forward again when the other maxillary
teeth are retracted.

Retraction of the Upper Incisors into a Premolar
Extraction Space. A straightforward way to correct ex-
cessive overjet is to retract the protruding incisors into
space created by extracting the maxillary first premolars. If
mandibular first or second premolars also are extracted,
Class II elastics can be used to bring the lower molars
forward and retract the upper incisors, correcting both the
molar relationship and the overjet. Without lower extrac-
tions, Class II elastic use would have to be minimal, and
extra-oral force might be needed. The patient would have
a Class II molar relationship, but normal overjet, at the end
of treatment.

It is important to remember that extraction space must
be available after the teeth are aligned to be useful for Class
II correction. As we have pointed out previously, there are
two reasons for extraction: to provide space to align
crowded/protrusive incisors or to allow differential antero-
posterior movement of the upper and lower teeth. The
same extraction space cannot be used for both purposes.

Premolar extraction for Class II correction can pro-
duce excellent occlusion, but there are potential problems
with this approach. If the patient's Class II malocclusion is



CHAPTER 8

	

Orthodontic Treatment Planning: Limitations, Controversies, and Special Problems

	

275

primarily due to mandibular deficiency, retracting the max-
illary incisors would create a maxillary deformity to go with
the mandibular one-which is difficult to justify as correct
treatment (see the discussion of Class II camouflage in
adults, on p. 281). Extractions in the lower arch allow the
molars to come forward into a Class I relationship, but it
would be important to close the lower space without re-
tracting the lower incisors. For facial esthetics, usually it is
better not to retract upper incisors the entire width of the
extraction space, but then the lower arch would have to
come forward. If Class II elastics are used, the upper in-
cisors are elongated as well as retracted, which can produce
an undesirable "gummy smile."

Combined Retraction of the Upper Teeth and For-
ward Movement of the Lower Teeth. If some forward
movement of the lower arch can be accepted, there would
be no need to extract in the lower arch and perhaps no need
to extract in the upper arch. Correction could be achieved
just with the use of Class II elastics (or their equivalent). It
is possible to correct most Class II malocclusions by pro-
longed use of Class II elastics without extractions. The cor-
rection is achieved, however, much more by forward move-
ment of the lower arch than by moving the upper teeth
back. Rarely, excess overjet and Class II buccal segments
are due to a distally positioned lower arch, and then mov-
ing it forward is exactly what is needed. Vertical growth is
needed when inter-arch elastics are used, to prevent rotat-

ing the mandible down and back as the lower molars are
elongated, and even then, the elastics may produce an
unesthetic elongation of the upper incisors.

Almost always, however, moving the lower incisors an-
teriorly more than 2 mm leads to instability and relapse.
Lip pressure that moves the lower incisors lingually leads
to incisor crowding, return of overjet, and return of over-
bite (because the incisors tend to erupt back into occlusal
contact from their lingual position). If non-extraction
treatment of adolescent Class II problems is accomplished
primarily with prolonged use of Class II elastics, the result
is likely to be a convex profile with protrusive lower incisors
and a prominent lower lip. This is best described as relapse
waiting to occur.

Adolescent Class II Treatment: Summary

In the absence of favorable growth, the review above makes
it apparent that treating a Class II relationship in adoles-
cents is difficult and that compromises may have to be
accepted in order to correct the occlusion. Fortunately, even
though growth modification cannot be expected to totally
correct an adolescent Class II problem, some forward
movement of the mandible relative to the maxilla does
contribute to successful treatment of the average patient.
Mandibular growth is important even if differential antero-
posterior growth does not occur, because vertical growth a
llows the use of elastics or other extrusive mechanics.

FIGURE 8-40

	

Distal movement of maxillary molars can be produced during Class 11 treatment
by a variety of methods. The most effective at present are NiTi coil springs (A, B), magnets in re-
pulsion (C), or an active lingual arch, as in the pendulum appliance (see Figure 17-4). Note that a
stabilizing lingual arch with a button against the anterior palate is used for anchorage with all these
approaches. The distal movement is primarily tipping, and this type of treatment is most effective
when vertical growth allows the molar to extrude as it moves distally. (A, B, Courtesy Dr. Anthony
Gianelly; C, Courtesy Dr. Wick Alexander.)
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Only a small amount of net distal movement of upper
molars, beyond what is gained by de-rotating them, can be
expected unless second molars are extracted. Major retrac
tion of upper incisors requires extraction, and moving the
incisors back more than 4 mm requires premolar extrac-
tion. Moving the mandibular teeth forward on their base
more than 2 mm or so produces an unstable situation that
is likely also to be anesthetic. Unless there is some favor-
able mandibular growth, therefore, premolar extraction
appears to be necessary to produce a stable orthodontic
correction of many adolescent Class II problems.

Extraction of premolars in adolescent Class II treat-
ment has been criticized in recent years on two grounds:
that it leads to TM joint problems because the incisors are
likely to be retracted too much and that it compromises
facial esthetics.

The relationship, if any, between TM dysfunction
and premolar extraction is difficult to assess because data
from well-controlled studies are not available. No rela
tionships between symptoms of TMD and the type of or-
thodontic treatment were noted in any of a considerable
series of reports in the early 1990s. The best data come
from a study in which a careful compilation of retrospec-
tive data was used to create two groups of patients whose
"borderline" Class II malocclusions could have been
treated equally plausibly with or without premolar ex-
traction. One group had extractions, the other did not.
Both groups had low scores for signs or symptoms of
dysfunction, and there was no difference between them in
any aspect of TM joint function . 44 There is simply no ev-
idence to support the allegation that premolar extraction
causes TMD.

The effect of premolar extraction on facial esthetics is
even more difficult to assess, because extraction is only one
determinant of where the incisors end up. The extraction
decision in Class II adolescents often is influenced by the
degree of crowding or protrusion, not just by considera-
tions of anteroposterior movement of teeth. For example,
a Class II patient with incisor crowding that might not be
an indication for extraction in a Class I patient, might need
extraction to tolerate even a modest amount of Class II
elastics. When discriminant analysis based on considera-
tion of crowding and protrusion was used to create clear-
cut extraction and non-extraction groups within a large ret-
rospective sample of adolescent Class II patients, extraction
did reduce lip prominence more than non-extraction, but
the non-extraction patients had less prominent lips on
long-term recall. One cannot automatically assume,
therefore, that premolar extraction flattens the profile too
much in adolescent Class II patients-but clearly it has the
potential to do so, if the incisors are retracted too much.

Because the primary indication for premolar extraction
in adolescent Class II patients is a lack of mandibular
growth, this leads directly to further consideration of treat
ment in late adolescence and adult life, when little or no
growth can be expected.

SKELETAL PROBLEMS IN OLDER PATIENTS:
CAMOUFLAGE VS. SURGERY

Beyond the adolescent growth spurt, even though some
facial growth continues, too little remains to correct skele-
tal problems. The possibilities for treatment, therefore,
are either displacement of the teeth relative to their
supporting bone, to compensate for the underlying jaw
discrepancy, or surgical repositioning of the jaws (Figure
8-41). Displacement of the teeth, as in retraction of pro-
truding incisors, often is termed camouflage. The name is
well chosen, because the objective of the treatment is to
correct the malocclusion while making the underlying
skeletal problem less apparent. Because skeletal Class II
problems often can be camouflaged rather well, most cam-
ouflage treatment is for Class II patients. Class III and
long face problems, in contrast, do not camouflage well, in
the sense that correcting the occlusion does not conceal
the skeletal problem and may make it worse.

Camouflage Treatment
With extraction of teeth to provide space for the neces-
sary tooth movement, often it is possible to obtain cor-
rect molar and incisor relationships despite an underly-
ing skeletal Class II or Class III jaw relationship (see
Figure 8-41). The method was developed as extraction
treatment was reintroduced into orthodontics in the
1930s and 1940s. In that era, it was the major approach
to treating skeletal problems. At the time that extraction
for camouflage became popular, growth modification as a
treatment approach had been largely rejected as ineffec-
tive, and surgical techniques to correct skeletal problems
had barely begun to be developed. It seemed appropriate,
therefore, for the orthodontist to accept the limitations
in skeletal relationships and concentrate on the dental
occlusion.

Camouflage also implies that repositioning the teeth
will have a favorable, or at least not a detrimental, effect on
facial esthetics. For patients with mild to moderate skeletal
Class II problems, displacement of the teeth relative to
their bony bases to achieve good occlusion is compatible
with reasonable facial esthetics, and the camouflage can be
quite successful (Figure 8-42). In more severe Class II
problems, it may be possible to obtain good occlusion only
at considerable expense to facial esthetics. If the upper in-
cisors must be displaced far distally to compensate for
mandibular deficiency, the esthetic result is increased
prominence of the nose and an overall appearance of mid-
and lower face deficiency (Figure 8-43).

Camouflage also can be used in patients with mild
skeletal Class III problems, in whom adjustment of incisor
position can achieve acceptable occlusion and reasonable
facial esthetics (Figure 8-44). Unfortunately, in even mod-
erately severe skeletal Class III problems, camouflage is
much less successful. Extraction of lower premolars com-
bined with Class III elastics and extraoral force can im-
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FIGURE 8-41

	

There are three major possibilities for correction of skeletal mandibular deficiency;
A, differential growth of the lower jaw, bringing the dentition forward with it; B, camouflage, achieved in
most cases by extracting premolars and then closing the space by retracting the maxillary anterior teeth
while bringing the mandibular posterior teeth forward (at least a small amount of vertical growth is needed
because most aspects of the orthodontic mechanotherapy tend to extrude the teeth); C, surgical
advancement of the mandible. Growth modification is most successful in preadolescent patients; camou-
flage is most useful for adolescents with moderately severe problems; jaw surgery is most useful for
patients with no remaining growth potential and severe problems.

prove the dental occlusion for many Class III patients, but
the treatment rarely produces successful camouflage and
frequently makes esthetics worse. Even minimal retraction
of the lower incisors often magnifies the chin prominence
that was a major reason for seeking treatment initially
(Figure 8-45).

Because extractions provide space to displace the re-
maining teeth only in the anteroposterior plane of space,
camouflage rarely succeeds with skeletal vertical problems.
The force systems used to reposition dental segments tend
to extrude posterior teeth and are likely to make both the
occlusion and the facial appearance worse.

Camouflage as a treatment plan implies that growth
modification to overcome the basic problem is not feasible.
Because of the extrusive nature of most orthodontic me
chanics, however, it helps to have some vertical growth
during treatment to avoid downward and backward rota-
tion of the mandible. For that reason, camouflage works

best in late adolescents who are past the pubertal growth
spurt but still have some growth remaining. Although this
type of treatment is possible for nongrowing adults, it is
more difficult because the potentially extrusive compo-
nents of any mechanical system must be much more care-
fully controlled (see Chapter 21).

The characteristics of a patient who would be a good
candidate for camouflage treatment are:

• Too old for successful growth modification
• Mild to moderate skeletal Class II or mild skeletal

Class III
• Reasonably good alignment of teeth (so that the

extraction spaces would be available for controlled
anteroposterior displacement and not used to relieve
crowding)

• Good vertical facial proportions, neither extreme
short face (skeletal deep bite) nor long face (skeletal
open bite)



FIG!	RE 8-42

	

In skeletal Class 11 malocclusion of moderate severity, camouflage of the problem by
displacement of the incisor teeth can be quite successful, as in this girl who was age 16 at the beginning of
treatment. A and B, Facial appearance before treatment; occlusal relationships before (C and D) and after
(E and F) treatment with extraction of maxillary first premolars; G and H, facial appearance at age 18, af-
ter treatment; 1, cephalometric superimposition showing the retraction of the upper incisors.
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Ifmandibular deficiency is severe, orthodontic treatment for Class II malocclusion may
result in reasonably satisfactory occlusal relationships but poor facial esthetics (i.e., a failure of camouflage).
A and B, Occlusal relationships after premolar extractions and 4 years of orthodontic treatment; C and D,
profile relationships after treatment. The term camouflage is chosen to emphasize that successful treatment
must produce acceptable facial esthetics as well as acceptable dental occlusion.

Conversely, camouflage treatment designed to correct
the occlusion despite jaw relationship problems should be
avoided in:

• Severe Class II, moderate or severe Class 111, and
vertical skeletal discrepancies

• Patients with severe crowding or protrusion of in-
cisors, in whom the extraction spaces will be re-
quired to achieve proper alignment of the incisors

• Patients with excellent remaining growth potential
(in whom growth modification treatment should be
used) or non-growing adults with more than mild
discrepancies (in whom orthognathic surgery usu-
ally offers better long-term results)

Surgical Correction
Although surgical procedures to correct mandibular
prognathism date back to the beginning of the 20` h cen-

tury, much progress in orthognathic surgery has occurred
quite recently, in the 1980s and 1990s. At this point, sur-
gical techniques have been developed that allow severe
problems of any type to be corrected. Excellent results re-
quire careful coordination of the orthodontic and surgical
phases of treatment. The principles of combined surgical
and orthodontic treatment are discussed in some detail in
Chapter 22.

The characteristics of a patient who would be treated
best by surgically repositioning the jaws are:

• Severe skeletal discrepancy or extremely severe den-
toalveolar problem

• Adult patient (little if any remaining growth), or
younger patient with extremely severe or progres-
sive deformity

• Good general health status (mild, controlled sys-
temic disease acceptable)



FIGURE 8-44

	

Camouflage treatment for patients with skeletal Class III malocclusion can be suc-
cessful if the skeletal discrepancy is mild. A, Diagrammatic representation of Class III camouflage with
moderate forward movement of maxillary teeth and retraction of mandibular teeth; B and C, profile and
dental relationships in a 14-year-old girl; D and E, profile and dental relationships at age 16, after treat-
ment with extraction of upper and lower first premolars; F, cephalometric superimposition showing
changes in treatment. For this patient, as for many Class III patients, downward and backward rotation of
the mandible in addition to displacement of the teeth was an important component of the treatment.
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FIGURE 8-45

	

A, Diagrammatic representation of attempted camouflage
for a more severe skeletal Class III problem, showing the obvious chin promi-
nence created by retracting mandibular incisor teeth; B, cephalometric tracing,
and C, profile relationships for a patient after treatment in which lower but not
upper premolars were retracted, lower incisors were retracted and upper incisors
were tipped forward. She was unhappy with the prominence of her chin and
sought further surgical treatment to correct it.

An important principle of treatment planning is that
orthodontic camouflage and orthodontic preparation for
surgery often require exactly opposite tooth movements.
The reason is found in the concept of "dental compensa-
tion for skeletal discrepancy." This can occur naturally as
well as being created by orthodontic camouflage treatment.
In mandibular prognathism, for instance, as the individual
grows the upper incisors tend to protrude while the lower
incisors incline lingually. By the time growth is completed,
the dental discrepancy usually is smaller than the jaw dis-
crepancy. Tooth position has compensated at least partially
for the jaw discrepancy. Some degree of dental compensa-
tion accompanies most skeletal jaw discrepancies, even
without treatment.

If the jaws are to be repositioned surgically, this den-
tal compensation must be removed. Otherwise, when the
jaws fit, the teeth will not. Orthodontic preparation for
surgery usually involves removing, not creating, dental
compensation and therefore is just the opposite of con-
ventional orthodontic treatment. The result is that vigor-
ous orthodontic treatment to correct the malocclusion in
a patient with a difficult skeletal problem may eventually
make surgical correction all but impossible without an-
other session of orthodontic treatment to undo the origi-
nal orthodontics. The patient, of course, is not likely to be
pleased by this news. It is appropriate to attempt growth
modification in younger patients with severe problems. As
a general rule, however, an attempt at camouflage in a pa-
tient who may well need surgery should be avoided unless
a successful outcome can be clearly predicted. Therapeu-

tic diagnosis is a good way to evaluate the response to con-
servative orthodontic treatment but is not applicable to
treatment based on extreme tooth movements for at-
tempted camouflage.

Camouflage vs. Surgery in Postadolescent Class II
Patients. The boundary between orthodontic and surgi-
cal treatment is particularly troublesome for teenagers with
Class II problems. Given the risk of camouflage failure vs.
the greater cost and morbidity of orthognathic surgery,
what do you do with the rather mature 14 year old with a
full cusp Class II malocclusion, 10 mm overjet, and an ob-
vious mandibular deficiency? The choices are maxillary
premolar extraction to provide space to retract the upper
incisors or surgical mandibular advancement. Although no
clinical trial has occurred (and probably never will, given
the problems in randomly assigning patients to surgery),
some data now are available to more clearly indicate the
limits of camouflage and therefore the indications for
surgery for postadolescent Class II patients.

In an individual who is past the adolescent growth spurt,
the best single indicator of a problem too severe for likely
success with camouflage is >I 0 mm overjet. That is partic
ularly true if the mandible is short, the lower teeth already
protrude relative to the mandible so that the chin is well be-
hind the teeth, and/or the face is long (Figure 8-46). 4

Two other factors to consider in the decision for ortho-
dontics vs. surgery are the possible role of augmentation ge-
nioplasty as an adjunct to Class II camouflage and the risk
of root resorption with camouflage treatment. A limiting
factor in orthodontic Class 11 treatment is the extent to
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FIGURE 8-46

	

For adolescent Class 11 patients, the best indi-
cator of the limits of satisfactory orthodontic correction is the
simplest thing one can measure-overjet. More than 10 mm over-
jet in a patient who is past the peak of the adolescent growth spurt
suggests that surgical correction probably would be needed, espe-
cially if the lower incisors are protrusive relative to a deficient
mandible (Pg-Nperp > 18 mm), the mandible is short (mandibu-
lar body length < 70 mm), and/or face height is long (> 12 5 mm).
Mandibular body length (GoPg) is a more reliable indicator than
total length (CoPg), probably because of the difficulty in accu-
rately locating condylion and variations in chin morphology.

which the lower teeth can be moved forward relative to the
mandible. Moving the lower incisors forward more than 2
mm is highly unstable unless they were severely tipped lin-
gually, but this is likely to occur during camouflage treat-
ment when Class 11 elastics are used unless lower premolars
were extracted. Often it is undesirable esthetically to retract
the upper incisors to the extent that would be necessary if
the lower incisors were not advanced significantly. If ortho-
dontic treatment would otherwise move the lower incisors
too far forward for reasonable esthetics or stability, a lower
border osteotomy to reposition the chin can both improve
facial balance and decrease lip pressure against the lower in-
cisors, improving their stability (Figure 8-47). The lower
border osteotomy is no more extensive a surgical procedure
than premolar extraction would be, and it can be done as an
outpatient or day-op procedure at much less cost than
mandibular advancement.

The relationship between root resorption and camou-
flage treatment also should be kept in mind. A major risk
factor for severe resorption of maxillary incisor roots dur
ing orthodontic treatment is contact of the roots with the
lingual cortical plate (Figure 8-48). The best data (see
Chapter 9) suggest that the risk of resorption increases
twenty-fold when lingual plate contact occurs. What causes
the roots to contact the lingual cortical plate? Two circum-
stances, primarily: torquing the upper incisors back during
Class 11 camouflage and tipping them facially in Class III

camouflage (because the roots go lingually as the crowns go
facially). Camouflage failure, in both Class II and Class III
patients, often is accompanied by incisor root resorption
that can complicate surgical retreatment-but fortunately,
further orthodontic tooth movement without additional
resorption is possible if lingual contact is avoided during
retreatment (see Chapter 22).

TREATMENT PLANNING IN SPECIAL
CIRCUMSTANCES

Sequence of Treatment for Patients
with Multiple Dental Problems
For patients with multiple dental problems including
malocclusion, the appropriate sequencing of treatment is
important (Box 8-3). Although these patients usually are
adults, the principles are the same for adults or children:

• Dental disease should be brought under control ini-
tially

• Orthodontic treatment, including skeletal as well as
dental changes, should be carried out next

• Definitive restorative and periodontal treatment
should be completed after the orthodontic phase of
treatment

Control of dental disease includes a number of treat-
ment procedures: tooth extractions if necessary, endodon-
tic treatment if required, periodontal treatment procedures
necessary to bring the patient to a point of satisfactory
maintenance, and restorative treatment to eliminate the
progression of dental caries.

At one time there was concern that endodontically
treated teeth could not be moved. It is now clear that as
long as the periodontal ligament is normal, endodontically
treated teeth respond to orthodontic force in the same way
as teeth with vital pulps. Although some investigators have
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FIGURE 8-47

	

Facial changes, non-extraction treatment with genioplasty. A, Age 13 prior to treat-
ment; B, age 15, with protrusion of lower incisors (that would be neither stable nor acceptably esthetic;
C, age 15, after lower border osteotomy to slide the chin forward; D, superimposition of changes during
orthodontic treatment. Note the forward movement of the lower incisors in the absence of favorable
growth; E, superimposition of changes produced by lower border osteotomy and repositioning of the
chin. This procedure decreases both lip separation at rest and lip pressure against the lower incisors.

FIGURE 8-48

	

Contact of the roots of upper incisors with the
lingual cortical plate, as in this patient, greatly increases the risk
of root resorption during orthodontic treatment. This occurs
most frequently when the incisor roots are torqued lingually
during Class II camouflage, or when these teeth are tipped facially
during Class III camouflage (the root apex moves lingually when
the crown is tipped facially).

suggested that root-filled teeth are more subject to root re-
sorption, the current consensus is that this is not a major
concern. 47 Occasionally hemisection of a posterior tooth,
with removal of one root and endodontic treatment of the
remaining root, is desirable. It is perfectly feasible to or-
thodontically reposition the remaining root of a posterior
tooth, should this be necessary, after the endodontics is
completed. In general, prior endodontic treatment does
not contraindicate orthodontic tooth movement.

Essentially all periodontal treatment procedures may
be used in bringing a pre-orthodontic patient to the point
of satisfactory maintenance, with the exception of osseous
surgery. Scaling, curettage, flap procedures, and gingival
grafts should be employed as appropriate before orthodon-
tic treatment, so that progression of periodontal problems
during orthodontic treatment can be avoided. Children or
adults with mucogingival problems, most commonly a lack
of adequate attached gingiva, should have free gingival
grafts to create attached gingiva before the beginning of
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orthodontics. Since research findings indicate that 5% to
10% of children and 20% to 25% of adults who need or-
thodontic treatment have mucogingival problems, 48 peri-
odontal treatment to deal with this before orthodontic
therapy is needed relatively frequently (see Figure 7-25).

Further details in the sequencing of treatment for
adults with multiple problems are provided in Chapters
20 and 21.

Patients with Systemic Disease Problems
Patients who are suffering from systemic disease are at
greater risk for complications during orthodontic treat-
ment but can have successful orthodontic treatment as long
as the systemic problems are under control.

In adults or children, the most common systemic prob-
lem that may complicate orthodontic treatment is diabetes
or a prediabetic state. The rapid progression of periodon
tal disease in patients with diabetes is well recognized, and
the indication for orthodontic treatment in these individu-
als is often a series of occlusal problems related to previous
periodontal breakdown and loss of teeth.

If the diabetes is under good control, periodontal re-
sponses to orthodontic force are essentially normal and
successful orthodontic treatment, particularly the adjunc
tive procedures most often desired for adult diabetics, can
be carried out successfully. If the diabetic condition is not
under good control, however, there is a real risk of acceler-
ated periodontal breakdown (Figure 8-49). For this reason,
careful monitoring of a diabetic patient's compliance with
medical therapy is essential during any phase of orthodon-
tic treatment. Prolonged comprehensive orthodontic treat-
ment should be avoided in these patients if at all possible.

Arthritic degeneration may also be a factor in ortho-
dontic planning. Juvenile rheumatoid arthritis frequently
produces severe skeletal mandibular deficiency, and adult
onset rheumatoid arthritis can destroy the condylar process
and create a deformity (Figure 8-50). Long-term adminis-
tration of steroids as part of the medical treatment may

increase the possibility of periodontal problems during
orthodontics. In adults, degenerative changes in the tem-
poromandibular joint accompanying osteoarthritis may be
related to occlusal problems in some instances, but this is
not always or even usually the case. Orthodontic treatment
is unlikely to improve degenerative temporomandibular
j oint problems, but if it is needed for other reasons, it will
not accelerate the joint degeneration (see Chapter 21).

Comprehensive orthodontic treatment for children
with other systemic diseases is also possible if the disease is
controlled, but requires careful judgment about whether the
benefit to the patient warrants the orthodontic treatment. It
is not uncommon for the parents of a child with a severe sys-
temic problem (e.g., cystic fibrosis) to seek orthodontic con-
sultation in their bid to do everything possible for the un-
fortunate child. With the increasing long-term survival after
childhood leukemia, children with this medical background
also are now being seen as potential orthodontic patients.
Although treatment for patients with a poor long-term
prognosis is technically feasible, it is usually good judgment
to limit the scope of treatment plans, accepting some com-
promise in occlusion to limit treatment time and intensity.
Orthodontic tooth movement should be avoided in patients
who have received significant radiation to the jaws.

Anomalies and Injuries
Maxillary Injuries.

	

Fortunately, because they are dif-
ficult to manage, injuries to the maxilla in children are rare.
If the maxilla is displaced by trauma, it should be reposi
tioned immediately if this is possible. When immediate
attention to a displaced maxilla is impossible because of
other injuries, protraction force from a face mask before
complete healing of fractures has occurred can successfully
reposition the jaw.

Asymmetric Mandibular Deficiency.

	

If the mandi-
bular condyles are affected by either a congenital condition
or an injury at birth or later, facial asymmetry is likely to
result. Since the appropriate treatment can be quite differ-

FIGURE 8-49

	

Patients with uncontrolled diabetes may experience rapid bone loss during
orthodontic tooth movement. A, Impacted canine in a 13-year-old girl; B, 1 year later. Note the
extent of bone loss around the tooth as it was being moved. During the year of active treatment, the
patient had great difficulty in controlling her diabetes and was hospitalized for related problems on
two occasions. (Courtesy Dr. G Jacobs.)
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ent if the restriction of mandibular growth is from an injury
rather than a congenital anomaly, this is an important diag-
nostic decision.

In the congenital syndrome of hemifacial microsomia,
there is an absence of tissue in the region of the mandibu-
lar condyle. In more severe cases, the entire distal portion
of the mandible may be missing, along with associated soft
tissues (see Chapter 3). In less severe cases, the size of the
affected area simply may be diminished, with slower
growth on that side and a resulting asymmetry. An appar-
ently similar situation of reduced growth on one side can
also result from an injury to the mandibular condyle, and
this is the most frequent cause of mandibular asymmetry. In
hemifacial microsomia, the problem is a lack of tissue, so
growth potential is reduced. In postinjury problems, there
is potential for normal growth, but restriction from scar-
ring and fibrosis of the area may prevent expression of this
growth.

In planning treatment, it is important to evaluate
whether the affected condyle can translate normally. If it
can, as one would expect in a mild to moderate form of
hemifacial microsomia or post-traumatic injury, a func-
tional appliance could be helpful and should be tried first.
If translation of the condyle is severely restricted by post-
traumatic scarring, a functional appliance will be ineffec-
tive and should not be attempted until the restriction on
growth has been removed.

Asymmetry with deficient growth on one side but
some translation on the affected side is a particular indica-
tion for custom-designed "hybrid" functional appliances
(Figure 8-51) because requirements for the deficient side
will be different from those for the normal or more normal
side. Often it is desirable to incorporate a bite block be-
tween the teeth on the normal side while providing space
for eruption on the deficient side, so that the vertical com-
ponent of the asymmetry can be addressed. In the con-
struction bite, the mandible would be advanced more on
the deficient side than on the normal side. Further details
on fabrication of hybrid functional appliances are pre-
sented in Chapter 15.

The restriction of growth that accompanies little or no
translation of the condyle often leads to a progressively
more severe deformity as growth of other parts of the face
continues. Progressive deformity of this type is an indica-
tion for early surgical intervention. There is nothing to be
gained by waiting for such a deformity to become worse.
The goal of surgery is to create an environment in which
growth is possible, and orthodontic treatment with a hy-
brid functional usually is needed after surgery to release
ankylosis, to guide the subsequent growth.

Hemimandibular Hypertrophy. Mandibular and
facial asymmetry can also be caused by excessive growth of
the mandibular condyle on one side. Growth problems of
this type are almost never symmetric. They appear to be

FIGURE 8-50

	

Rheumatoid arthritis can affect the condylar process and in the worst case can lead to loss
of the entire condylar process. A, Panoramic radiograph of a child with rheumatoid arthritis. Note the early
degenerative changes in the condyle on the left side (compare the left with the as yet unaffected right side);
B, panoramic radiograph of a young adult with complete destruction of the condylar processes;
C, cephalometric superimpositions for a patient with severe degeneration of the condylar process of the
mandible because of rheumatoid arthritis. Age 18, after uneventful orthodontic treatment (black); age 29
(red), by which time the condylar processes had been destroyed. Note the downward-backward rotation of
the mandible. (B, Courtesy Dr. M. Goonewardene; C, courtesy Dr. J.R. Greer.)
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B

FIGURE 8-51

	

A "hybrid" functional appliance can be used to correct vertical and transverse
jaw asymmetries. A, Extraoral view; B and C, intraoral views. For this patient, the appliance con-
sists of a bite block on the right side and buccal and lingual shields on the left that allow free
eruption of teeth. The construction bite, swinging the jaw to one side, is designed to correct the
transverse asymmetry by producing more growth on the deficient side, while differential erup-
tion corrects the vertical asymmetry.

caused by an escape of the growing tissues on one side from
normal regulatory control, the exact mechanism of which
is not understood. The condition typically appears in the
late teens, most frequently in girls, but may begin at an ear-
lier age. Because the body of the mandible is distorted by
the excessive growth (usually by bowing downward on the
affected side), the condition is appropriately described as
hemimandibular hypertrophy-but since excessive growth
at the condyle is the cause, the old name for this condition,
condylar hyperplasia, was not wrong.

There are two possible modes of treatment, both sur-
gical: (1) a ramus osteotomy to correct the asymmetry re-
sulting from unilateral overgrowth, after the excessive
growth has ceased; and (2) condylectomy to remove the ex-
cessively growing condyle and reconstruct the joint. The
reconstruction usually is done with a section of rib incor-
porating the costochondral junction area but occasionally
can be accomplished just by recontouring the condylar
head ("condylar shave"). Since surgical involvement of the
temporomandibular joint should be avoided if possible, the
first treatment plan is preferable. This implies, however,
that the abnormal growth has stopped or, in a younger
patient, will stop within reasonable limits. As a practical
matter, removal of the condyle is likely to be necessary in
the more severe and more rapidly growing cases, while a
ramus osteotomy is preferred for the less severe problems.

FIGURE 8-52

	

Image (anterior Towne's view with the mouth
open) from bone scan with `»"'Tc in a 10-year-old boy with sus-
pected hyperplasia of the right mandibular condyle. Note the
"hot spot" in the area of the right condyle and the difference in
uptake of the isotope between the right and left sides. Eruption of
teeth and apposition of bone at the alveolar processes normally
create heavy imaging along the dental arches.
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The bone seeking isotope 99'Tc can be used to distin-
guish an active rapidly growing condyle from an enlarged
condyle that has ceased growing. 50 This short-lived
gamma-emitting isotope is concentrated in areas of active
bone deposition. 99°'Tc imaging of the oral structures typ-
ically shows high activity in areas around the alveolar
ridge, particularly in areas where teeth are erupting. The
condyles are not normally areas of intense imaging. A
"hot" condyle is evidence of active growth at that site (Fig-
ure 8-52).

Unfortunately, though false positive images are rare,
false negatives are not, so a negative bone scan of the
condyles cannot be taken as evidence that hyperplastic
growth of one condyle is not occurring. A positive unilateral
condylar response on a bone scan indicates that condylec-
tomy will probably be required, whereas a negative response
means that further observation for continuing growth is in-
dicated before the surgical procedure is selected.

FIGURE 8-53

	

A forward displacement of the premaxillary
segment and medial collapse of the lateral maxillary segments
can be seen clearly in this photograph of a newborn infant with a
bilateral cleft of the lip and palate.

Treatment Planning for Cleft Lip
and Palate Patients
Patients with cleft lip and palate routinely require extensive
and prolonged orthodontic treatment. Orthodontic treat-
ment may be required at any or all of four separate stages:
(1) in infancy before the initial surgical repair of the lip,
(2) during the late primary and early mixed dentition,
(3) during the late mixed and early permanent dentition,
and (4) in the late teens after the completion of facial
growth, in conjunction with orthognathic surgery.

I nfant Orthopedics.

	

An infant with a cleft lip and
palate will have a distorted maxillary arch at birth in nearly
every instance. In patients with a bilateral cleft, the premax
illary segment is often displaced anteriorly while the poste-
rior maxillary segments are lingually collapsed behind it
(Figure 8-53). Less severe distortions occur in infants with
unilateral palatal cleft's. If the distortion of arch form is ex-
tremely severe, surgical closure of the lip, which is normally
carried out in the early weeks of life, can be extremely diffi-
cult. Orthodontic intervention to reposition the segments
and to bring the protruding premaxillary segment back into
the arch may be needed to obtain a good surgical repair of
the lip. This "infant orthopedics" is one of the few instances
in which orthodontic treatment for a newborn infant, be-
fore eruption of any teeth, may be indicated.

Infant orthopedics of this type was pioneered by
Burston in Liverpool in the late 1950s and was carried out
on a large scale at many cleft palate centers in the 1960s. In
a child with a bilateral cleft, two types of movement of the
maxillary segments may be needed (Figure 8-54). First, the
collapsed maxillary posterior segments must be expanded
laterally; then pressure against the premaxilla can reposi-
tion it posteriorly into its approximately correct position in
the arch. This movement can be accomplished by a light
elastic strap across the anterior segment, by an orthodontic
appliance pinned to the segments that applies a contraction
force, or even by pressure from the repaired lip if lip repair

is done after the lateral expansion. In patients with ex-
tremely severe protrusion, an appliance held to the maxil-
lary segments by pins might be required, while an elastic
strap or the pressure of the lip itself would be adequate with
less severe problems.

In infants, the segments can be repositioned surpris-
ingly quickly and easily, so that the period of active treat-
ment is a few weeks at most. If presurgical movement of
maxillary segments is indicated, this typically would be
done beginning at 3 to 6 weeks of age, so that the lip clo-
sure could be carried out at approximately 10 weeks. A pas-
sive plate, similar to an orthodontic retainer, is then used
for a few months after lip closure.

Even in children with unilateral clefts and relatively
slight distortion of the arch, an improvement in the posi-
tion of the premaxillary segment can be noted if a passive
plate is placed, because there is a molding effect on the arch
after lip closure. For these patients, the passive appliance
would be placed before lip closure, then maintained for
perhaps 3 months after the lip closure. Acceptance of such
an appliance by the infant is surprisingly good. It serves as
a "feeding plate," apparently making it easier for the infant
to swallow normally. A passive plate can be left in position
for most of the first year of life if desired.

After 40 years of experience with presurgical infant or-
thopedics, the present consensus is that these procedures
offer less long-term benefit than was originally expected.
Soon after this treatment, the infants who have had presur-
gical orthopedics look much better than those who have
not had it. With each passing year, however, it becomes
more difficult to tell which patients had segments reposi-
tioned in infancy and which did not. The short-term ben-
efit is more impressive than the long-term benefit. For this
reason, the method is used less frequently now than when
enthusiasm was at a peak.

For a few infants with extremely malpositioned seg-
ments, which occur almost exclusively in bilateral cleft lip
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FIGURE 8-54

	

A, Diagrammatic representation of the movements needed to place maxillary segments in
their proper position. The posterior segments must be moved laterally so that the premaxillary segment can
move lingually. B, Infant with bilateral cleft and appliance in place to widen the posterior segments.
C, Same infant after an elastic strap has been used to reposition the premaxillary segment lingually. D, Same
infant after surgical repair of the cleft lip.

and palate, presurgical infant orthopedics remains useful.
For the majority of patients with cleft lip or palate, how-
ever, the orthodontist is no longer called to reposition seg-
ments in infants. Instead, if the segments protrude, the lip
repair may be carried out in two stages, first with a lip ad-
hesion to provide an elastic force from the lip itself, fol-
lowed at a somewhat later stage by definitive lip repair.
Rather than presurgical orthopedics being recommended
for nearly all infants with cleft lip or palate, at present a mi-
nority are treated with presurgical orthopedics.

At some centers, bone grafts were placed across the
cleft alveolus soon after the infant orthopedics to stabilize
the position of the segments. Although a few clinicians still
advocate this procedure, the consensus is that early graft-
ing of the alveolar process is contraindicated because it
tends to interfere with later growth." Alveolar bone grafts
are better deferred until the early mixed dentition.

Late Primary and Early Mixed Dentition Treat-
ment. Many of the orthodontic problems of cleft palate
children in the late and early mixed dentition result not
from the cleft itself, but from the effects of surgical repair.
Although the techniques for repair of cleft lip and palate
have improved tremendously in recent years, closure of the
lip inevitably creates some constriction across the anterior

part of the maxillary arch, and closure of a cleft palate
causes at least some degree of lateral constriction. As a re-
sult, surgically treated cleft palate patients have a tendency
toward both anterior and lateral crossbite, which is not seen
in patients with untreated clefts. This result is not an argu-
ment against surgical repair of the lip and palate, which is
necessary for esthetic and functional (speech) reasons. It
simply means that orthodontic treatment must be consid-
ered a necessary part of the habilitation of such patients.

Orthodontic intervention is often unnecessary until
the permanent incisor teeth begin to erupt but is usually
imperative at that point. As the permanent teeth come in,
there is a strong tendency for the maxillary incisors to erupt
rotated and often in crossbite (Figure 8-55). The major
goal of orthodontic treatment at this time is to correct in-
cisor position, and prepare the patient for an alveolar bone
graft. Although alveolar bone grafts in infancy appear to be
contraindicated, placing a bone graft in the alveolar cleft
area before the permanent lateral incisors (if present) or
permanent canines erupt, is advantageous. This stabilizes
the cleft area and creates a healthy environment for the
permanent teeth." Ideally, the permanent laterals or ca-
nines should erupt through the graft (see Figure 8-55),
which means that the best time to place such a graft is
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FIGURE 8-55

	

Long-term observation of treatment of a girl with unilateral cleft lip and
palate. A,B, Age 8 weeks prior to lip repair. Note the displacement of the alveolar segments at
the cleft site. C,D, Age 9 weeks after lip closure. A palatal plate has been pinned into position to
control the alveolar segments while lip pressure molds them into position. This type of infant or-
thopedics, popular in the 1970s, is used less now than previously because its long-term efficacy
is questionable. E,F, Age 2, prior to palate closure. G, Age 8, after eruption of maxillary incisors;
H, Age 9, incisor alignment in preparation for alveolar bone graft.

	

continued
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FIGURE 8-55, cont'd I, Panoramic radiograph, age 9, just prior to bone
graft; J, Panoramic radiograph age 12, at completion of orthodontic treat-
ment, showing bone fill-in at the cleft site.

	

continued

between 7 and 10 years. Any necessary alignment of in-
cisors or expansion of posterior segments should be com-
pleted before the alveolar grafting. This now should be
considered a routine part of contemporary treatment.

Early Permanent Dentition Treatment.

	

As the ca-
nine and premolar teeth erupt, there is a tendency for pos-
terior crossbite to develop problems, particularly on the
cleft side in a unilateral situation, and the teeth are likely
to be malaligned. The more successful the surgery, the
fewer the problems, but in essentially every instance, fixed
appliance orthodontic treatment is necessary at this time.
With contemporary treatment that includes grafting of
alveolar clefts, it is possible to close spaces due to missing
teeth, and this now is a major objective of this phase of
treatment (see Figure 8-55). If space closure is not possi-
ble, orthodontic tooth movement may be needed to posi-
tion teeth as abutments for eventual fixed prosthodontics.
In that circumstance, a resin-bonded bridge to provide a
semipermanent replacement for missing teeth can be ex-

tremely helpful. Orthodontic treatment is often com-
pleted at age 14, but a permanent bridge in many instances
cannot be placed until age 17 or 18. The semipermanent
fixed bridge is preferable to prolonged use of a removable
retainer with a replacement tooth. Dental implants are not
appropriate for cleft areas.

Orthognathic Surgery for Patients with Cleft Lip
and Palate. In some patients with cleft lip and palate,
more often in males than females, continued mandibular
growth after the completion of active orthodontic treatment
leads to the return of anterior and lateral crossbites. This re-
sult is not so much from excessive mandibular growth as
from deficient maxillary growth, both anteroposteriorly and
vertically, and it is seen less frequently now because of the
improvements in cleft lip/palate surgery in recent years. Or-
thognathic surgery to bring the deficient maxilla downward
and forward may be a necessary last stage in treatment of a
patient with cleft lip or palate, typically at about age 18 if re-
quired. Occasionally, surgical mandibular setback also may
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FIGURE 8-55, cont'd K, Age 11, transposed first premolar erupting in the grafted area;
L, First premolar in lateral incisor position toward the end of active orthodontics, age 12. A tooth
that erupts in a grafted area or that is moved orthodontically into the area stimulates formation
of new bone that eliminates the cleft. Because teeth bring alveolar bone with them and this
bone is lost in the absence of teeth, this is the only way to completely repair an alveolar cleft.
M,N, Facial and, O,P, intraoral photos, age 12.

	

continued

be needed. After this, the definitive restorative work to
replace any missing teeth can be carried out.

The decrease in the number of cleft patients needing
prosthodontic replacement of missing teeth or orthog-
nathic surgery because of problems with maxillary growth
is striking. The standard of care now is closure of the space
where teeth are missing, made possible by alveolar grafts at

age 6-8, and atraumatic palatal surgery that minimizes in-
terferences with growth. At one leading center, in the
1970s up to one half of all cleft patients needed fixed
prosthodontics to replace missing teeth, and 10% to 15%
needed orthognathic surgery. By the end of the 1980s,
fewer than 10% of the cleft patients needed prosthodontic
treatment and orthognathic surgery was rarely required. 14
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FIGURE 8-55, cont'd Q,R, Facial and, S,T, intraoral photos, age 21.
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BIOMECHANICS AND
MECHANICS

O rthodontic therapy depends on the reaction of the teeth, and more generally the facial
structures, to gentle but persistent force. In an orthodontic context, biomechanics is com-

monly used in discussions of the reaction of the dental and facial structures to orthodontic
force, whereas mechanics is reserved for the properties of the strictly mechanical components
of the appliance system. In this section, the biologic responses to orthodontic force that un-
derlie biomechanics are discussed in Chapter 9. Chapter 10, which is concerned with the de-
sign and application of orthodontic appliances, is largely devoted to mechanics, but includes
some biomechanical considerations as well.



The Biological Basis
of Orthodontic Tberapy

Periodontal and bone response to normal function

Periodontal ligament structure and function

Response to normal function

Role of the periodontal ligament in eruption and
stabilization of the teeth

Periodontal ligament and bone response to sustained
orthodontic force

Biologic control of tooth movement

Effects of force magnitude

Effects of force distribution and types of tooth movement

Effects of force duration and force decay

Drug effects on the response to orthodontic force

Anchorage and its control

Anchorage: resistance to unwanted tooth movement

Relationship of tooth movement to force

Anchorage situations

Deleterious effects of orthodontic force

Mobility and pain related to orthodontic treatment

Effects on the pulp

Effects on root structure

Effects of treatment on the height of alveolar bone

Skeletal effects of orthodontic force: growth modification

Principles in growth modification
Effects of orthodontic force on the maxilla and midface

Effects of orthodontic force on the mandible

Orthodontic treatment is based on the principle that if
prolonged pressure is applied to a tooth, tooth movement
will occur as the bone around the tooth remodels. Bone is
selectively removed in some areas and added in others. In
essence, the tooth moves through the bone carrying its

attachment apparatus with it, as the socket of the tooth
migrates. Because the bony response is mediated by the
periodontal ligament, tooth movement is primarily a peri-
odontal ligament phenomenon.

Forces applied to the teeth can also affect the pattern
of bone apposition and resorption at sites distant from the
teeth, particularly the sutures of the maxilla and bony sur
faces on both sides of the temporomandibular joint. Thus
the biologic response to orthodontic therapy includes not
only the response of the periodontal ligament but also the
response of growing areas distant from the dentition. In
this chapter, the response of periodontal structures to
orthodontic force is discussed first, and then the response
of skeletal areas distant from the dentition is considered
briefly, drawing on the background of normal growth
provided in Chapters 2 through 4.

PERIODONTAL AND BONE RESPONSE
TO NORMAL FUNCTION

Periodontal Ligament Structure
and Function
Each tooth is attached to and separated from the adjacent
alveolar bone by a heavy collagenous supporting structure,
the periodontal ligament (PDL). Under normal circum-
stances, the PDL occupies a space approximately 0. S mm in
width around all parts of the root. By far the major compo-
nent of the ligament is a network of parallel collagenous
fibers, inserting into cementum of the root surface on one
side and into a relatively dense bony plate, the lamina dura,
on the other side. These supporting fibers run at an angle,
attaching farther apically on the tooth than on the adjacent
alveolar bone. This arrangement, of course, resists the
displacement of the tooth expected during normal function
(Figure 9-1).
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Although most of the PDL space is taken up with the
collagenous fiber bundles that constitute the ligamentous
attachment, two other major components of the ligament
must be considered. These are (1) the cellular elements,
including mesenchymal cells of various types along with
vascular and neural elements; and (2) the tissue fluids. Both
play an important role in normal function and in making
orthodontic tooth movement possible.

The principal cellular elements in the PDL are undif-
ferentiated mesenchymal cells and their progeny in the
form of fibroblasts and osteoblasts. The collagen of the lig
ament is constantly being remodeled and renewed during
normal function.' The same cells can serve as both fibrob-
lasts, producing new collagenous matrix materials, and
fibroclasts, destroying previously produced collagen. Re-
modeling and recontouring of the bony socket and the ce-
mentum of the root is also constantly being carried out,
though on a smaller scale, as a response to normal function.
Fibroblasts in the PDL have properties similar to os-
teoblasts, and new bone probably is formed by osteoblasts
that differentiated from the local cellular population.
Bone and cementum are removed by specialized osteoclasts
and cementoclasts, respectively. These multinucleated gi-
ant cells are quite different from the osteoblasts and ce-
mentoblasts that produce bone and cementum. Despite
years of investigation, their origin remains controversial.
Most are of hematogenous origin; some may be derived
from stem cells found in the local area.

Although the PDL is not highly vascular, it does con-
tain blood vessels and cells from the vascular system. Nerve
endings are also found within the ligament, both the un
myelinated free endings associated with perception of pain

FIGURE 9-1 Diagrammatic representation of periodontal
structures (bone in pale red). Note the angulation of the PDL fibers.

and the more complex receptors associated with pressure
and positional information (proprioception).

Finally, it is important to recognize that the PDL space
is filled with fluid; this fluid is the same as that found in all
other tissues, ultimately derived from the vascular system. A
fluid-filled chamber with retentive but porous walls could
be a description of a shock absorber, and in normal function,
the fluid allows the PDL space to play just this role.

Response to Normal Function
During masticatory function, the teeth and periodontal
structures are subjected to intermittent heavy forces. Tooth
contacts last for 1 second or less; forces are quite heavy,
ranging from 1 or 2 kg while soft substances are chewed up
to as much as 50 kg against a more resistant object. When
a tooth is subjected to heavy loads of this type, quick dis-
placement of the tooth within the PDL space is prevented
by the incompressible tissue fluid. Instead, the force is
transmitted to the alveolar bone, which bends in response.

The extent of bone bending during normal function of
the jaws (and other skeletal elements of the body) is often
not appreciated. The body of the mandible bends as the
mouth is opened and closed, even without heavy mastica-
tory loads. Upon wide opening, the distance between the
mandibular molars decreases by 2 to 3 mm. In heavy func-
tion, individual teeth are slightly displaced as the bone of
the alveolar process bends to allow this to occur, and bend-
ing stresses are transmitted over considerable distances.
Bone bending in response to normal function generates
piezoelectric currents (see p. 299) that appear to be an im-
portant stimulus to skeletal regeneration and repair. This is
the mechanism by which bony architecture is adapted to
functional demands.

Very little of the fluid within the PDL space is squeezed
out during the first second of pressure application. If pres-
sure against a tooth is maintained, however, the fluid is
rapidly expressed, and the tooth displaces within the PDL
space, compressing the ligament itself against adjacent
bone. Not surprisingly, this hurts. Pain is normally felt after
3 to 5 seconds of heavy force application, indicating that the
fluids are expressed and crushing pressure is applied against
the PDL in this amount of time (Table 9-1). The resistance

TABLE 9-1

	

Physiologic Response to Heavy Pressure
Against a Tooth

Time (seconds)

	

Event

<1

	

PDL* fluid incompressible, alveolar bone
bends, piezoelectric signal generated

1-2

	

PDL fluid expressed, tooth moves within
PDL space

3-5

	

PDL fluid squeezed out, tissues compressed;
i mmediate pain if pressure is heavy

'PDL, periodontal ligament.
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provided by tissue fluids allows normal mastication, with its
force applications of 1 second or less, to occur without pain.

Although the PDL is beautifully adapted to resist
forces of short duration, it rapidly loses its adaptive capa-
bility as the tissue fluids are squeezed out of its confined
area. Prolonged force, even of low magnitude, produces a
different physiologic response-remodeling of the adja-
cent bone. Orthodontic tooth movement is made possible
by the application of prolonged forces. In addition, light
prolonged forces in the natural environment-forces from
the lips, cheeks, or tongue resting against the teeth-have
the same potential as orthodontic forces to cause the teeth
to move to a different location (see the discussion of equi-
librium factors in Chapter 5).

Role of the Periodontal Ligament in
Eruption and Stabilization of the Teeth
The phenomenon of tooth eruption makes it plain that
forces generated within the PDL itself can produce tooth
movement. The eruption mechanism appears to depend on
metabolic events within the PDL, including but perhaps
not limited to formation, cross-linkage and maturational
shortening of collagen fibers (see Marks 4 for a recent com-
prehensive review). This process continues, although at a
reduced rate, into adult life. A tooth whose antagonist has
been extracted will often begin to erupt again after many
years of apparent quiescence.

The continuing presence of this mechanism indicates
that it may produce not only eruption of the teeth under
appropriate circumstances but also active stabilization of
the teeth against prolonged forces of light magnitude. It is
commonly observed that light prolonged pressures against
the teeth are not in perfect balance, as would seem to be re-

FIGURE 9-2

	

Resting pressures from the lips or cheeks and
tongue are usually not balanced. In some areas, as in the mandibu-
lar anterior, tongue pressure is greater than lip pressure. In other
areas, as in the maxillary incisor region, lip pressure is greater. Ac-
tive stabilization produced by metabolic effects in the PDL prob-
ably explains why teeth are stable in the presence of umbalanced
pressures that would otherwise cause tooth movement.

quired if tooth movement were not to occur (Figure 9-2).
The ability of the PDL to generate a force and thereby
contribute to the set of forces that determine the equilib-
rium situation, probably explains this (see the discussion of
equilibrium in Chapter 5).

Active stabilization also implies a threshold for ortho-
dontic force, since forces below the stabilization level would
be expected to be ineffective. The threshold for outside
force, of course, would vary depending on the extent to
which existing soft tissue pressures were already being re-
sisted by the stabilization mechanism. In some experiments,
the threshold for orthodontic force, if one existed at all, ap-
peared extremely low. In other circumstances, a somewhat
higher threshold, but still one of only a few grams, seemed
to exist s The current concept is that active stabilization can
overcome prolonged forces of a few grams at most, perhaps
up to the 5 to 10 gm/cm2 2 often observed as the magnitude
of unbalanced soft tissue resting pressures.

PERIODONTAL LIGAMENT AND
BONE RESPONSE TO SUSTAINED
ORTHODONTIC FORCE

The response to sustained force against the teeth is a func-
tion of force magnitude: heavy forces lead to rapidly devel-
oping pain, necrosis of cellular elements within the PDL,
and the phenomenon (discussed in more detail later) of
"undermining resorption" of alveolar bone near the af-
fected tooth. Lighter forces are compatible with survival of
cells within the PDL and a remodeling of the tooth socket
by a relatively painless "frontal resorption" of the tooth
socket. In orthodontic practice, the objective is to produce
tooth movement as much as possible by frontal resorption,
recognizing that some areas of PDL necrosis and under-
mining resorption will probably occur despite efforts to
prevent this.

Biologic Control of Tooth Movement
Before discussing in detail the response to orthodontic
force, it is necessary to consider the biologic control mech-
anisms that lead from the stimulus of sustained force appli-
cation to the response of orthodontic tooth movement. Two
possible control elements, biologic electricity and pressure-
tension in the PDL that affects blood flow, are contrasted in
the two major theories of orthodontic tooth movement.
The bioelectric theory relates tooth movement at least in
part to changes in bone metabolism controlled by the elec-
tric signals that are produced when alveolar bone flexes and
bends. The pressure-tension theory relates tooth move-
ment to cellular changes produced by chemical messengers,
traditionally thought to be generated by alterations in blood
flow through the PDL. Pressure and tension within the
PDL, by reducing (pressure) or increasing (tension) the
diameter of blood vessels in the ligament space, could cer-
tainly alter blood flow. The two theories are neither incom-
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patible nor mutually exclusive. From a contemporary per-
spective, it appears that both mechanisms may play a part in
the biologic control of tooth movement.

Electric signals that might initiate tooth movement
initially were thought to be piezoelectric. Piezoelectricity
is a phenomenon observed in many crystalline materials in
which a deformation of the crystal structure produces a
flow of electric current as electrons are displaced from one
part of the crystal lattice to another. The piezoelectricity
of many inorganic crystals has been recognized for many
years and has been used in everyday technology (e.g., the
crystal pickup found in inexpensive phonographic sys-
tems). Organic crystals can also have piezoelectric proper-
ties. Not only is bone mineral a crystal structure with
piezoelectric properties, collagen itself is piezoelectric,
and stress-generated potentials in dried bone specimens
can be attributed to piezoelectricity.

Piezoelectric signals have two unusual characteristics:
(1) a quick decay rate (i.e., when a force is applied, a piezo-
electric signal is created in response that quickly dies away
to zero even though the force is maintained) and (2) the
production of an equivalent signal, opposite in direction,
when the force is released (Figure 9-3).

Both these characteristics are explained by the migra-
tion of electrons within the crystal lattice as it is distorted
by pressure. When the crystal structure is deformed, elec
trons migrate from one location to another and an electric
charge is observed. As long as the force is maintained, the
crystal structure is stable and no further electric events are
observed. When the force is released, however, the crystal
returns to its original shape, and a reverse flow of electrons
is seen. With this arrangement, rhythmic activity would
produce a constant interplay of electric signals, whereas

FIGURE 9-3

	

When a force is applied to a crystalline structure
(like bone or collagen), a flow of current is produced that quickly
dies away. When the force is released, an opposite current flow is
observed. The piezoelectric effect results from migration of elec-
trons within the crystal lattice.

occasional application and release of force would produce
only occasional electric signals.

Ions in the fluids that bathe living bone interact with
the complex electric field generated when the bone bends,
causing temperature changes as well as electric signals. As
a result, both convection and conduction currents can be
detected in the extracellular fluids, and the currents are af-
fected by the nature of the fluids. The small voltages that
are observed are called the "streaming potential." These
voltages, though different from piezoelectric signals in dry
material, have in common their rapid onset and alteration,
as changing stresses are placed on the bone. There is also a
reverse piezoelectric effect. Not only will the application of
force cause distortion of crystalline structure and with it an
electric signal, application of an electric field can cause a
crystal to deform and produce force in doing so. Reverse
piezoelectricity has no place in natural control systems, at
least as far as is presently known, but there are intriguing
possibilities for using external electric fields to promote

bone healing and regeneration after injury. There is no longer any doubt that stress-generated
signals are important in the general maintenance of the
skeleton. Without such signals, bone mineral is lost and
general skeletal atrophy ensues-a situation that has
proved troublesome for astronauts whose bones no longer
flex in a weightless environment as they would under nor-
mal gravity. Signals generated by the bending of alveolar
bone during normal chewing almost surely are important
for maintenance of the bone around the teeth. On the
other hand, sustained force of the type used to induce or-
thodontic tooth movement does not produce prominent
stress-generated signals. When the force is applied, a brief
signal is created; when it is removed, the reverse signal ap-
pears. As long as the force is sustained, however, nothing
happens. If stress-generated signals were important in
producing the bone remodeling associated with ortho-
dontic tooth movement, a vibrating application of pres-
sure would be advantageous. Experiments indicate little or
no advantage in vibrating over sustained force for the
movement of teeth; in fact, there may be disadvantages.
It appears that stress-generated signals, important as they
may be for normal skeletal function, probably have little if
anything to do with the response to orthodontic tooth
movement.

One should not conclude from this that all types of
electric signals are unimportant in the control of tooth
movement. A second type of endogenous electric signal,
which is called the "bioelectric potential," can be observed
in bone that is not being stressed. Metabolically active
bone or connective tissue cells (in areas of active growth or
remodeling) produce electronegative charges that are gen-
erally proportional to how active they are; inactive cells
and areas are nearly electrically neutral. Although the pur-
pose of this bioelectric potential is not known, cellular ac-
tivity can be modified by adding exogenous electric sig-
nals. The effects, presumably, are felt at cell membranes.
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In experimental animals, changes in blood flow in the PDL can be observed by perfus-
ing India ink into the vascular system while the animal is being sacrificed. The vessels are filled with In-
dia ink, so that their size can be seen easily. This specimen is seen in horizontal section, with the tooth
root on the left and the pulp chamber just visible in the upper left. The PDL is below and to the right.
Note that vessels have been compressed in the area of the PDL toward which the tooth is being moved.
Cells disappear in the compressed areas, and the area is sometimes said to be hyalinized because of its
resemblance by hyaline connective area. (Courtesy Dr. EE. Khouw.)

Membrane depolarization triggers nerve impulses and
muscle contraction, but changes in membrane potentials
accompany other cellular responses as well. The external
electric signals probably affect cell membrane receptors,
membrane permeability, or both. 8 Both animal and human
experiments indicate that when low voltage direct current
is applied to the alveolar bone, modifying the bioelectric
potential, a tooth moves faster than its control in response
to an identical spring. Electromagnetic fields also can
affect cell membrane potentials and permeability, and
thereby trigger changes in cellular activity. In animal
experiments, a pulsed electromagnetic field increased the
role of tooth movement, apparently by shortening the ini-
tial "lag phase" before tooth movement begins.' ° Electro-
magnetic fields can be induced within tissues by adjacent
magnets, without the contact required by electrodes, and
bone healing has been shown to be enhanced by certain
types of fields. It is possible that this effect can be utilized
in the future to enhance orthodontic tooth movement
and/or alter jaw growth. Perhaps a fair conclusion is that
even though stress-generated electrical signals do not ex-
plain tooth movement, electric and electromagnetic influ-
ences can modify the bony remodeling on which tooth
movement depends and may yet prove useful therapeuti-
cally. It seems highly unlikely, however, that the fields gen-
erated by small magnets attached to the teeth to generate
tooth-moving forces (see Chapter 10) could change the

basic biology of the response to force. Recent claims that
magnetic force generation reduces pain and mobility are
not supported by evidence.

Pressure-Tension Theory.

	

The pressure-tension the-
ory, the classic theory of tooth movement, relies on chem-
ical rather than electric signals as the stimulus for cellular
differentiation and ultimately tooth movement. There is
no doubt that chemical messengers are important in the
cascade of events that lead to remodeling of alveolar bone
and tooth movement. Because this theory does explain the
course of events reasonably well, it remains the basis of the
following discussion.

In this theory, an alteration in blood flow within the
PDL is produced by the sustained pressure that causes the
tooth to shift position within the PDL space, compressing
the ligament in some areas while stretching it in others.
Blood flow is decreased where the PDL is compressed
(Figure 9-4), while it usually is maintained or increased
where the PDL is under tension (Figure 9-5). If regions of
the PDL are overstretched, blood flow may be decreased
transiently. Alterations in blood flow quickly create
changes in the chemical environment. For instance, oxy-
gen levels certainly would fall in the compressed area, but
might increase on the tension side, and the relative pro-
portions of other metabolites would also change in a mat-
ter of minutes. These chemical changes, acting either
directly or by stimulating the release of other biologically
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FIGURE 9-5	 on the side away From the direction of tooth
movement, the PDL space is enlarged and blood vessels dilate. In
this vertical section from an animal perfused with India ink at the
time of death, the tooth is on the left. Expanded vessels that are
only partially filled can be seen on the tension side of the PDL.
( Courtesy Dr. EE. Khouw.)

active agents, then would stimulate cellular differentiation
and activity. In essence, this view of tooth movement
shows three stages: (1) alterations in blood flow associated
with pressure within the PDL, (2) the formation and/or
release of chemical messengers, and (3) activation of cells
(Table 9-2).

Effects of Force Magnitude
The heavier the sustained pressure, the greater should be
the reduction in blood flow through compressed areas of
the PDL, up to the point that the vessels are totally col-
lapsed and no further blood flows (Figure 9-6). That this
theoretic sequence actually occurs has been demonstrated
in animal experiments, in which increasing the force
against a tooth causes decreasing perfusion of the PDL on
the compression side (see Figures 9-4 and 9-5).11 Let us
consider the time course of events after application of
orthodontic force, contrasting what happens with heavy vs.
light force (see Table 9-2).

TABLE 9-2

	

Physiologic Response to Sustained Pressure
Against a Tooth

When light but prolonged force is applied to a tooth,
blood flow through the partially compressed PDL de-
creases as soon as fluids are expressed from the PDL space
and the tooth moves in its socket (i.e., in a few seconds).
Within a few hours at most, the resulting change in the
chemical environment produces a different pattern of cel-
lular activity. Animal experiments indicate that increased
levels of cyclic adenosine monophosphate (AMP), the
"second messenger" for many important cellular functions
including differentiation, appear after about 4 hours of
sustained pressure. 12 This amount of time to produce a re-
sponse correlates rather well with the human response to
removable appliances. If a removable appliance is worn
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FIGURE 9-6

	

Diagrammatic representation of the increasing compression of blood vessels
as pressure increases in the PDL. At a certain magnitude of continuous pressure, blood vessels
are totally occluded and a sterile necrosis of PDL tissue ensues.

less than 4 to 6 hours per day, it will produce no ortho-
dontic effects. Above this duration threshold, tooth move-
ment does occur.

Until recently, very little was known about what hap-
pened in the first hours after sustained force was placed
against a tooth, between the onset of pressure and tension
in the PDL and the appearance of second messengers a few
hours later. Experiments have shown that prostaglandin
and interleukin-1 beta levels increase within the PDL
within a short time after the application of pressure, and it
now seems clear that prostaglandin E is an important me-
diator of the cellular response. 13 Changes in cell shape
probably play a role. There is some evidence that
prostaglandins are released when cells are mechanically de-
formed (i.e., prostaglandin release may be a primary rather
than a secondary response to pressure). 14 It is likely that
mobilization of membrane phospholipids, which leads to
the formation of inositol phosphates, is another pathway
toward the eventual cellular response. 15 Other chemical
messengers, particularly members of the cytokine family
but also nitric oxide (NO) and other regulators of cellular
activity, also are involved. 16 Since drugs of various types

can affect both prostaglandin levels and other potential
chemical messengers, it is clear that pharmacologic modi-
fication of the response to orthodontic force is more than
just a theoretic possibility (see the discussion on p. 306 of
drug interactions with orthodontic treatment).

For a tooth to move, osteoclasts must be formed so that
they can remove bone from the area adjacent to the com-
pressed part of the PDL. Osteoblasts also are needed to
form new bone on the tension side and remodel resorbed
areas on the pressure side. Prostaglandin E has the interest-
ing property of stimulating both osteoclastic and osteoblas-
tic activity, making it particularly suitable as a mediator of
tooth movement. If parathyroid hormone is injected, osteo-
clasts can be induced in only a few hours, but the response
is much slower when mechanical deformation of the PDL is
the stimulus, and it can be up to 48 hours before the first os-
teoclasts appear within and adjacent to the compressed
PDL. Studies of cellular kinetics indicate that they arrive in
two waves, implying that some (the first wave) may be de-
rived from a local cell population, while others (the larger
second wave) are brought in from distant areas via blood
flow. 17 These cells attack the adjacent lamina dura, remov-
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FIGURE 9-7

	

Histologic specimen of compressed PDL area after several days. When the PDL is com-
pressed to the point that blood flow is totally cut off, differentiation of osteoclasts within the PDL space
is not possible. After a delay of several days, osteoclasts within adjacent marrow spaces attack the under-
side of the lamina dura in the process called undermining resorption. (Courtesy Dr. EE. Khouw.)

ing bone in the process of "frontal resorption," and tooth
movement begins soon thereafter. At the same time, but
lagging somewhat behind so that the PDL space becomes
enlarged, osteoblasts (recruited locally from progenitor
cells in the PDL) form bone on the tension side and begin
remodeling activity on the pressure side.

The course of events is different if the sustained force
against the tooth is great enough to totally occlude blood
vessels and cut off the blood supply to an area within the
PDL. When this happens, rather than cells within the com-
pressed area of the PDL being stimulated to develop into os-
teoclasts, a sterile necrosis ensues within the compressed
area. In clinical orthodontics it is difficult to avoid pressure
that produces at least some avascular areas in the PDL, and
it has been suggested that releasing pressure against a tooth
at intervals, while maintaining the pressure for enough hours
to produce the biologic response, could help in maintaining
tissue vitality. Animal experiments support this hypothesis. 1 8

At present, however, there is no practical way to implement
this approach. It is possible in the future that interrupted
force of this type will become clinically useful, if methods for
activating and de-activating springs can be worked out.

Because of its histologic appearance as the cells disap-
pear, an avascular area in the PDL traditionally has been re-
ferred to as hyalinized (see Figure 9-4). Despite the name,
the process has nothing to do with the formation of hyaline
connective tissue but represents the inevitable loss of all
cells when the blood supply is totally cut off. When this
happens, remodeling of bone bordering the necrotic area
of the PDL must be accomplished by cells derived from ad-
jacent undamaged areas.

After a delay of several days, cellular elements begin to
invade the necrotic (hyalinized) area. More importantly, os-

FIGURE 9-8

	

Diagrammatic representation of the time course of
tooth movement with frontal resorption vs. undermining resorption.
With frontal resorption, a steady attack on the outer surface of the
lamina dura results in smooth continuous tooth movement. With un-
dermining resorption, there is a delay until the bone adjacent to the
tooth can be removed. At that point, the tooth "jumps" to a new po-
sition, and if heavy force is maintained, there will again be a delay un-
til a second round of undermining resorption can occur.

teoclasts appear within the adjacent bone marrow spaces and
begin an attack on the underside of the bone immediately ad-
jacent to the necrotic PDL area (Figure 9-7). This process is
appropriately described as undermining resorption, since the
attack is from the underside of the lamina dura. When
hyalinization and undermining resorption occur, an in-
evitable delay in tooth movement results. This is caused first
by a delay in stimulating differentiation of cells within the
marrow spaces, and second, because a considerable thickness
of bone must be removed from the underside before any
tooth movement can take place. The different time course
of tooth movement when frontal resorption is compared with
undermining resorption is shown graphically in Figure 9-8.
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Not only is tooth movement more efficient when areas
of PDL necrosis are avoided but pain is also lessened.
However, even with light forces, small avascular areas are
likely to develop in the PDL and tooth movement will be
delayed until these can be removed by undermining re-
sorption. The smooth progression of tooth movement with
light force shown in Figure 9-8 may be an unattainable
ideal when continuous force is used. In clinical practice,
tooth movement usually proceeds in a more stepwise fash-
ion because of the inevitable areas of undermining resorp-
tion. Nevertheless, too much force is not helpful.

Effects of Force Distribution and
Types of Tooth Movement
From the previous discussion, it is apparent that the opti-
mum force levels for orthodontic tooth movement should
be just high enough to stimulate cellular activity without
completely occluding blood vessels in the PDL. Both the
amount of force delivered to a tooth and also the area of the
PDL over which that force is distributed are important in
determining the biologic effect. The PDL response is de-
termined not by force alone, but by force per unit area, or
pressure. Since the distribution of force within the PDL,
and therefore the pressure, differs with different types of
tooth movement, it is necessary to specify the type of tooth
movement as well as the amount of force in discussing op-
timum force levels for orthodontic purposes.

The simplest form of orthodontic movement is tip-
ping. Tipping movements are produced when a single force
(e.g., a spring extending from a removable appliance) is
applied against the crown of a tooth. When this is done,
the tooth rotates around its "center of resistance," a point
located about halfway down the root. (A further discussion
of the center of resistance and its control follows in
Chapter 10.) When the tooth rotates in this fashion, the
PDL is compressed near the root apex on the same side as
the spring and at the crest of the alveolar bone on the op-
posite side from the spring (Figure 9-9). Maximum pres-

FIGURE 9-9

	

Application of a single force to the crown of a
tooth creates rotation around a point approximately halfway
down the root. Heavy pressure is felt at the root apex and at the
crest of the alveolar bone, but pressure decreases to zero at the
center of resistance. The loading diagram, therefore, consists of
two triangles as shown.

sure in the PDL is created at the alveolar crest and at the
root apex. Progressively less pressure is created as the
center of resistance is approached, and there is minimum
pressure at that point.

In tipping, only one-half the PDL area that could be
loaded actually is. As shown in Figure 9-9, the "loading di-
agram" consists of two triangles, covering half the total
PDL area. On the other hand, pressure in the two areas
where it is concentrated is high in relation to the force ap-
plied to the crown. For this reason, forces used to tip teeth
must be kept quite low. Both experiments with animals and
clinical experience with humans suggest that tipping forces
should not exceed approximately 50 gm.

If two forces are applied simultaneously to the crown
of a tooth, the tooth can be moved bodily (translated) (i.e.,
the root apex and crown move in the same direction the
same amount). In this case, the total PDL area is loaded
uniformly (Figure 9-10). It is apparent that to produce the
same pressure in the PDL and therefore the same biologic
response, twice as much force would be required for bodily
movement as for tipping. To move a tooth so that it is par-
tially tipped and partially translated would require forces
intermediate between those needed for pure tipping and
bodily movement (Table 9-3).

TABLE 9-3

	

Optimum Forces for Orthodontic Tooth Movement

FIGURE 9-10

	

Translation or bodily movement of a tooth
requires that the PDL space be loaded uniformly from alveolar
crest to apex, creating a rectangular loading diagram. Twice as
much force applied to the crown of the tooth would be required
to produce the same pressure within the PDL for bodily move-
ment as compared with ripping.
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In theory, forces to produce rotation of a tooth around
its long axis could be much larger than those to produce
other tooth movements, since the force could be distributed
over the entire PDL rather than over a narrow vertical strip.
In fact, however, it is essentially impossible to apply a rota-
tional force so that the tooth does not also tip in its socket,
and when this happens, an area of compression is created
just as in any other tipping movement. For this reason, ap-
propriate forces for rotation are similar to those for tipping.

Extrusion and intrusion are also special cases. Extru-
sive movements ideally would produce no areas of com-
pression within the PDL, only tension. Like rotation, this
is probably more a theoretic than a practical possibility,
since if the tooth tipped at all while being extruded, areas
of compression would be created. Even if compressed areas
could be avoided, heavy forces in pure tension would be un-
desirable unless the goal was to extract the tooth rather
than to bring alveolar bone along with the tooth. Extrusive
forces, like rotation, should be of about the same magni-
tude as those for tipping.

For many years it was considered essentially impossible
to produce orthodontic intrusion of teeth. Clinically suc-
cessful intrusion has been demonstrated in recent years, and
it has become clear that doing this requires careful control
of force magnitude so that very light forces are applied to
the teeth. Light force is required for intrusion because the
force will be concentrated in a small area at the tooth apex
(Figure 9-11). As with extrusion, the tooth probably will. tip
somewhat as it is intruded, but the loading diagram never-
theless will show high force concentration at the apex. Only
if the force is kept very light can intrusion be expected.

Effects of Force Duration and Force Decay
The key to producing orthodontic tooth movement is the
application of sustained force, which does not mean that
the force must be absolutely continuous. It does mean that

the force must be present for a considerable percentage of
the time, certainly hours rather than minutes per day. As we
have noted previously, animal experiments suggest that
only after force is maintained for approximately 4 hours do
cyclic nucleotide levels in the PDL increase, indicating that
this duration of pressure is required to produce the "second
messengers" needed to stimulate cellular differentiation.

Clinical experience suggests that there is a threshold for
force duration in humans in the 4-8 hour range, and that in-
creasingly effective tooth movement is produced if force is
maintained for longer durations. Although no firm experi-
mental data are available, a plot of efficiency of tooth move-
ment as a function of force duration would probably look
like Figure 9-12. Continuous forces, produced by fixed ap-
pliances that are not affected by what the patient does, pro-
duce more tooth movement than removable appliances un-
less the removable appliance is present almost all the time.
Removable appliances worn for decreasing fractions of time
produce decreasing amounts of tooth movement. If the idea
of providing brief intervals of no pressure and resumed
blood flow (to improve the vitality of PDL tissues) is ever to
be used clinically, it will be necessary to modify fixed appli-
ances to do this. With removable appliances, not only are
patients too unreliably compliant, the two-point contacts on
teeth that are needed to control tooth movement (see Chap-
ter 10) are too difficult to produce.

Duration of force has another aspect, related to how
force magnitude changes as the tooth responds by moving.
Only in theory is it possible to make a perfect spring, one
that would deliver the same force day after day, no matter
how much or how little the tooth moved in response to that
force. In reality, some decline in force magnitude (i.e., force
decay) is noted with even the springiest device after the
tooth has moved a short distance (though with the new
nickel-titanium materials discussed in Chapter 10, the de-
crease is amazingly small). With many orthodontic devices,

FIGURE 9-12

	

Theoretic plot of tooth movement efficiency
versus duration of force in hours per day. Continuous force, 24
hours per day, produces the most efficient tooth movement, but
successful tooth movement can be produced by shorter durations,
with a threshold at about 6 hours.

FIGURE 9-11

	

When a tooth is intruded, the force is concen-
trated over a small area at the apex. For this reason, extremely
light forces are needed to produce appropriate pressure within the
PDL during intrusion.
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the force may drop all the way to zero. From this perspec-
tive, orthodontic force duration is classified (Figure 9-13)
by the rate of decay as:

• Continuous-force maintained at some appreciable
fraction of the original from one patient visit to the
next

• Interrupted-force levels decline to zero between
activations

Both continuous and interrupted forces can be pro-
duced by fixed appliances that are constantly present.

• Intermittent-force levels decline abruptly to zero
intermittently, when the orthodontic appliance is re-
moved by the patient or perhaps when a fixed appli-
ance is temporarily deactivated, and then return to
the original level some time later. When tooth
movement occurs, force levels will decrease as they
would with a fixed appliance (i.e., the intermittent
force can also become interrupted between adjust-
ments of the appliance).

Intermittent forces are produced by all patient-
activated appliances, such as removable plates, headgear,
and elastics. Forces generated during normal function
(chewing, swallowing, speaking, etc.) can be viewed as a
special case of intermittently applied forces, most of which
are not maintained for enough hours per day to have sig-
nificant effects on the position of the teeth.

There is an important interaction between force
magnitude and how rapidly the force declines as the tooth
responds. Consider first the effect of a nearly continuous
force. If this force is quite light, a relatively smooth pro-
gression of tooth movement will result from frontal re-
sorption. If the continuous force is heavy, however, tooth
movement will be delayed until undermining resorption
can remove the bone necessary to allow the tooth move-
ment. At that time, the tooth will change its position
rapidly, and the constant force will again compress the tis-
sues, preventing repair of the PDL and creating the need
for further undermining resorption, and so on. Such a
heavy continuous force can be quite destructive to both the
periodontal structures and the tooth itself (as we discuss in
more detail below).

Consider now the effect of forces that decay fairly
rapidly, so that the force declines to zero after the tooth
moves only a short distance. If the initial force level is rel
atively light, the tooth will move a small amount by frontal
resorption and then will remain in that position until the
appliance is activated again. If the force level is heavy
enough to produce undermining resorption, the tooth will
move when the undermining resorption is complete.
Then, since the force has dropped to zero at that point, it
will remain in that position until the next activation. Al-
though the original force is heavy, after the tooth moves
there is a period for regeneration and repair of the PDL
before force is applied again.

Theoretically, there is no doubt that light continuous
forces produce the most efficient tooth movement. Despite

the clinician's best efforts to keep forces light enough to
produce only frontal resorption, some areas of undermining
resorption are probably produced in every clinical patient.
The heavier forces that produce this response are physio-
logically acceptable, only if force levels decline so that there
is a period of repair and regeneration before the next acti-
vation, or if the force decreases at least to the point that no
second and third rounds of undermining resorption occur.

Heavy continuous forces are to be avoided; heavy in-
termittent forces, though less efficient, can be clinically ac-
ceptable. To say it another way: the more perfect the spring
in the sense of its ability to provide continuous force, the
more careful the clinician must be that only light force is ap-
plied. Some of the cruder springs used in orthodontic treat-
ment have the paradoxic virtue of producing forces that
rapidly decline to zero and are thus incapable of inflicting
the biologic damage that can occur from heavy continuous
forces. Several clinical studies have indicated that heavy
force applications may produce more tooth movement than
lighter ones, an apparently paradoxic result that can be un-
derstood from consideration of force decay characteristics.

Experience has shown that orthodontic appliances
should not be reactivated more frequently than at 3-week
intervals. A 4-week appointment cycle is more typical in
clinical practice. Undermining resorption requires 7 to 14
days (longer on the initial application of force, shorter
thereafter). When this is the mode of tooth movement and
when force levels decline rapidly, tooth movement is essen-
tially complete in this length of time. The wisdom of the
interval between adjustments now becomes clear. If the
appliance is springy and light forces produce continuous
frontal resorption, there is no need for further activation. If
the appliance is stiffer and undermining resorption occurs,
but then the force drops to zero, the tooth movement oc-
curs in the first 10 days or so, and there is an equal or longer
period for PDL regeneration and repair before force is ap-
plied again. This repair phase is highly desirable and
needed with many appliances. Activating an appliance too
frequently, short circuiting the repair process, can produce
damage to the teeth or bone that a longer appointment
cycle would have prevented or at least minimized.

Drug Effects on the Response
to Orthodontic Force
It is quite possible that pharmacologic agents to manipulate
tooth movement in both directions will come into common
use. At present, agents that stimulate tooth movement are
unlikely to be encountered, although under some circum-
stances vitamin D administration can enhance the response
to orthodontic force. Direct injection of prostaglandin into
the periodontal ligament has been shown to increase the
rate of tooth movement, but this is quite painful (a bee sting
is essentially an injection of prostaglandin) and not very
practical. Drugs that inhibit tooth movement, however,
already are encountered frequently, though not yet pre-
scribed for their tooth-stabilizing effect.
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FIGURE 9-13

	

Diagrammatic representation of force decay. A, An ideal spring
would maintain the same amount of force regardless of distance a tooth had moved, but
with real springs the force decays at least somewhat as tooth movement occurs. Forces
that are maintained between activations of an orthodontic appliance, even though the
force declines, are defined as continuous. In contrast, B, interrupted forces drop to zero
between activations. C, Intermittent forces fall to zero when a removable appliance is
taken out, only to resume when the appliance is reinserted into the mouth. These forces
also decay as tooth movement occurs.
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Two types of drugs are known to depress the response
to orthodontic force and may influence current treatment:
the bisphosphonates used in treatment of osteoporosis
(e.g., alendronate [Fosamax]), and prostaglandin inhibitors
(e.g., especially the more potent members of this group that
are used in treatment of arthritis, like indomethacin).

Osteoporosis is a problem particularly in post-
menopausal females but is associated with aging in both
sexes. Medication for this purpose, therefore, is encoun
tered almost entirely in older adult orthodontic patients.
Estrogen therapy, which is used frequently to prevent
loss of bone in older women, has little or no impact on or-
thodontic treatment, but pharmacologic agents that in-
hibit bone resorption are a potential problem. At present
bisphosphonates, synthetic analogues of pyrophosphate
that bind to hydroxyapatite in bone, are the major class
of drugs of this type. They act as specific inhibitors of
osteoclast-mediated bone resorption, 19 so it is not surpris-
ing that the bone remodeling necessary for tooth move-
ment is slower in patients on this medication. If orthodon-
tic treatment were necessary in an older woman taking one
of these agents, it would be worthwhile to explore with her
physician the possibility of switching to estrogen, at least
temporarily.

If prostaglandin E plays an important role in the cas-
cade of signals that leads to tooth movement, one would ex-
pect inhibitors of its activity to affect tooth movement.
Drugs that affect prostaglandin activity fall into two cate-
gories: (1) corticosteroids and nonsteroidal antiinflamma-
tory drugs (NSAID) that interfere with prostaglandin syn-
thesis, and (2) other agents that have mixed agonistic and
antagonistic effects on various prostaglandins. In the body,
prostaglandins are formed from arachidonic acid, which in
turn is derived from phospholipids. Corticosteroids reduce
prostaglandin synthesis by inhibiting the formation of
arachidonic acid; NSAIDs inhibit the conversion of arachi-
donic acid to prostaglandins.

Both children and adults on chronic steroid therapy
may be encountered, and the possibility of difficult tooth
movement in these patients must be kept in mind. The fact
that analgesics often are prostaglandin inhibitors raises the
interesting possibility that the medication used by many
patients to control pain after orthodontic appointments
could interfere with tooth movement. Fortunately, al-
though potent prostaglandin inhibitors like indomethacin
can inhibit tooth movement, the common analgesics
seem to have little or no inhibiting effect on tooth move-
ment at the dose levels used with orthodontic patients.

Several other classes of drugs can affect prostaglandin
levels, and therefore could affect the response to ortho-
dontic force. Tricyclic antidepressants (doxepin, amitripty
line, imipramine), anti-arrhythmic agents (procaine), anti-
malarial drugs (quinine, quinidine, chloroquine), and
methyl xanthines fall into this category. In addition, the an-
ticonvulsant drug phenytoin has been reported to decrease
tooth movement in rats, and some tetracyclines (e.g., doxy-

cycline) inhibit osteoclast recruitment, an effect similar to
bisphosphonates. It is possible that unusual responses to
orthodontic force could be encountered in patients taking
any of these medications.

ANCHORAGE AND ITS CONTROL

Anchorage: Resistance to Unwanted
Tooth Movement
The term anchorage, in its orthodontic application, is de-
fined in an unusual way: the definition as "resistance to un-
wanted tooth movement" includes a statement of what the
dentist desires. The usage, though unusual, is clearest
when presented this way. The dentist or orthodontist al-
ways constructs an appliance to produce certain desired
tooth movements. For every (desired) action there is an
equal and opposite reaction. Inevitably, reaction forces can
move other teeth as well if the appliance contacts them.
Anchorage, then, is the resistance to reaction forces that is
provided (usually) by other teeth, or (sometimes) by the
palate, head or neck (via extraoral force), or implants in
bone. At this point, let us focus on controlling unwanted
tooth movement. In planning orthodontic therapy, it is
simply not possible to consider only the teeth whose
movement is desired. Reciprocal effects throughout the
dental arches must be carefully analyzed, evaluated, and
controlled. An important aspect of treatment is maximiz-
ing the tooth movement that is desired, while minimizing
undesirable side effects.

Relationship of Tooth Movement to Force
An obvious strategy for anchorage control would be to
concentrate the force needed to produce tooth movement
where it was desired, and then to dissipate the reaction
force over as many other teeth as possible, keeping the
pressure in the PDL of anchor teeth as low as possible. A
threshold, below which pressure would produce no reac-
tion, could provide perfect anchorage control, since it
would only be necessary to be certain that the threshold for
tooth movement was not reached for teeth in the anchor-
age unit. A differential response to pressure, so that heav-
ier pressure produced more tooth movement than lighter
pressure, would make it possible to move some teeth more
than others even though some undesired tooth movement
occurred.

In fact, the threshold for tooth movement appears to
be quite low, but there is a differential response to pressure,
and so this strategy of "divide and conquer" is reasonably
effective. As Figure 9-14 indicates, teeth behave as if or-
thodontic movement is proportional to the magnitude of
the pressure, up to a point. When that point is reached, the
amount of tooth movement becomes more or less indepen-
dent of the magnitude of the pressure, so that a broad
plateau of orthodontically effective pressure is created."
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FIGURE 9-14

	

Theoretic representation of the relationship of
pressure within the periodontal ligament to the amount of tooth
movement. Pressure in the PDL is determined by the force ap-
plied to a tooth divided by the area of the PDL over which that
force is distributed. The threshold for tooth movement is very
small. Tooth movement increases as pressure increases up to a
point, remains at about the same level over a broad range, and
then may actually decline with extremely heavy pressure. The best
definition of the optimum force for orthodontic purposes is the
lightest force that produces a maximum or near-maximum re-
sponse (i.e., that brings pressure in the PDL to the edge of the
nearly-constant portion of the response curve). The magnitude of
the optimum force will vary depending on the way it is distributed
in the PDL (i.e., is different for different types of tooth movement
[tipping, bodily movement, intrusion, etc.]).

FIGURE 9-15

	

Reciprocal tooth movement is produced when
two teeth or resistance units of equal size pull against each other,
as in this example of the reciprocal closure of a maxillary midline
diastema.

The optimum force level for orthodontic movement is the
lightest force and resulting pressure that produces a near-
maximum response (i.e., at the edge of the plateau). Forces
greater than that, though equally effective in producing
tooth movement, would be unnecessarily traumatic and, as
we will see, unnecessarily stressful to anchorage.

FIGURE 9-16

	

The "anchorage value" of any tooth is roughly
equivalent to its root surface area. As this diagram shows, the first
molar and second premolar in each arch are approximately equal
in surface area to the canine and two incisors. (Modified from
Freeman DC: Root surface area related to anchorage in the Begg tech-
nique, Memphis, 1965, University of Tennessee Dept. of Ortho-
dontics, M.S. Thesis.)

Anchorage Situations
From this background, we can now define several anchor-
age situations:

Reciprocal Tooth Movement.

	

In a reciprocal situ-
ation, the forces applied to teeth and to arch segments are
equal, and so is the force distribution in the PDL. A sim
ple example is what would occur if two maxillary central in-
cisors separated by a diastema were connected by an active
spring (Figure 9-15). The essentially identical teeth would
feel the same force distributed in the same way through
the PDL and would move toward each other by the same
amount.

A somewhat similar situation would arise if a spring
were placed across a first premolar extraction site, pitting
the central incisor, lateral incisor, and canine in the anterior
arch segment against the second premolar and first molar
posteriorly. Whether this technique would really produce
reciprocal tooth movement requires some thought. Cer-
tainly the same force would be felt by the three anterior
teeth and the two posterior teeth, since the action of the
spring on one segment has an equal and opposite reaction
on the other. Reciprocal movement would require the same
total PDL area over which the force was distributed.

Conceptually, the "anchorage value" of a tooth, that is, its
resistance to movement, can be thought of as a function of its
root surface area, which is the same as its PDL area. The
larger the root, the greater the area over which a force can be
distributed, and vice versa. As Figure 9-16 shows, the PDL
area for the two posterior teeth in this example is slightly
larger than the total anterior PDL area. Therefore with a sim-
ple spring connecting the segments, the anterior teeth would
move slightly more than the posterior teeth. The movement
would not be truly reciprocal but would be close to it.

Reinforced Anchorage. Continuing with the ex-
traction site example: if it was desired to differentially re-
tract the anterior teeth, the anchorage of the posterior
teeth could be reinforced by adding the second molar to the
posterior unit (see Figure 9-16). This would change the ra-
tio of the root surface areas so that there would be relatively
more pressure in the PDL of the anterior teeth, and there-
fore relatively more retraction of the anterior segment than
forward movement of the posterior segment.

Note that reinforcing anchorage by adding more resis-
tance units is effective because with more teeth (or extraoral
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FIGURE 9-17

	

Consider the response of anchor teeth (A on
the chart) and teeth to be moved (M) in three circumstances. In
each case, the pressure in the PDL of the anchor teeth is less than
the pressure in the PDL of the teeth to be moved because there
are more teeth in the anchor unit. In the first case (Al-M1), the
pressure for the teeth to be moved is optimal, whereas the pres-
sure in the anchor unit is suboptimal, and the anchor teeth move
less (anchorage is preserved). In the second case (A2-M2), al-
though the pressure for the anchor teeth is less than for the teeth
to be moved, both are on the plateau of the pressure-response
curve, and the anchor teeth can be expected to move as much as
the teeth that are desired to move (anchorage is lost). With ex-
tremely high force (A3-M3), the anchor teeth might move more
than the teeth it was desired to move. Although the third possi-
bility is theoretic and may not be encountered clinically, both the
first and second situations are seen in clinical orthodontics. This
principle explains the efficacy of light forces in controlling an-
chorage, and why heavy force destroys anchorage.

structures) in the anchorage, the reaction force is distrib-
uted over a larger PDL area. This reduces the pressure on
the anchor units, moving them down the slope of the
pressure-response curve. Now the shape of the pressure-
response curve becomes important. Keeping the force light
has two virtues. Not only does it minimize trauma and pain
(see p. 312), but also it makes it possible to create anchor-
age by taking advantage of different PDL areas in the
anchor segments. As Figure 9-17 illustrates, too much
force destroys the effectiveness of reinforced anchorage by
pulling the anchor teeth up onto the flatter portion of the
pressure-response curve. Then the clinician is said to have
slipped, burned or blown the anchorage by moving the
anchor teeth too much.

Stationary Anchorage.

	

The term stationary anchor-
age, traditionally used though inherently less descriptive
than the term reinforced anchorage, refers to the advantage
that can be obtained by pitting bodily movement of one
group of teeth against tipping of another (Figure 9-18).
Using our same example of a premolar extraction site, if
the appliance were arranged so that the anterior teeth could
tip lingually while the posterior teeth could only move
bodily, the optimum pressure for the anterior segment
would be produced by about half as much force as if the
anterior teeth were to be retracted bodily. This would
mean that the reaction force distributed over the posterior
teeth would be reduced by half, and as a consequence, these
teeth would move half as much.

FIGURE 9-18

	

Displacement of anchor teeth can be mini-
mized by arranging the force system so that the anchor teeth must
move bodily if they move at all, while movement teeth are allowed
to tip, as in this example of retracting incisors by tipping them
posteriorly. The approach is called "stationary anchorage." In this
example, treatment is not complete because the roots of the lin-
gually tipped incisors will have to be uprighted at a later stage, but
two-stage treatment with tipping followed by uprighting can be
used as a means of controlling anchorage. Distributing the force
over a larger PDL area of the anchor teeth reduces pressure there.

If PDL areas were equal, tipping the anterior segment
while holding the posterior segment for bodily movement
would have the effect of doubling the amount of anterior
retraction compared with posterior forward movement. It
is important to note again, however, that successful imple-
mentation of this strategy requires light force. If the force
were large enough to bring the posterior teeth into their
optimum movement range, it would no longer matter
whether the anterior segment tipped or was moved bodily.
Using too much force would disastrously undermine this
method of anchorage control.

Differential Effect of Very Large Forces.

	

If tooth
movement were actually impeded by very high levels of
pressure, it might be possible to structure an anchorage sit
uation so that there was more movement of the arch seg-
ment with the larger PDL area. This result could happen,
of course, if such high force were used that the smaller seg-
ment was placed beyond the greatest tooth movement
range, while the larger segment was still in it (see Figure
9-17). Because the effect would be highly traumatic, it
would be an undesirable way to deliberately manage an-
chorage.

In fact, it is not certain that the amount of tooth move-
ment in response to applied force really decreases with very
high force levels in any circumstance, and so this type of
differential movement may not really exist. By using too
much force, however, it is certainly possible to produce
more movement of the anchor segment than was expected,
even if the mechanism is merely a differential movement of
the anchor segment up the slope of the pressure-response
curve rather than a decline in the response of the move-
ment segment. Differential force is understood best in
terms of the plateau portion of the curve in Figures 9-14
and 9-17, not the questionable decline at the far right.

Cortical Anchorage. A final consideration in an-
chorage control is the different response of cortical com-
pared with medullary bone. Cortical bone is more resistant
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FIGURE 9-19

	

Loss of alveolar bone at an old extraction site can create an area of cortical bone
between adjacent teeth, as the alveolar process narrows. This is one situation in which "cortical an-
chorage" definitely can be a factor. Closing such an extraction site is extremely difficult because of the
resistance of cortical bone to remodeling.

FIGURE 9-20

	

Extreme tipping of maxillary incisor teeth
from excessive and poorly controlled orthodontic forces. In this
patient, the apices of all four maxillary incisors were carried
through the labial cortical plate, and pulp vitality was lost.

to resorption, and tooth movement is slowed when a root
contacts it. Some authors have advocated torquing the roots
of posterior teeth outward against the cortical plate as a way
to inhibit their mesial movement when extraction spaces are
to be closed. Since the mesial movement would be along
rather than against the cortical plate, it is doubtful that this
technique greatly augments anchorage (although it has the
potential to create root resorption-see p. 314). However, a
layer of dense cortical bone that has formed within the alve-
olar process can certainly affect tooth movement. This sit-
uation may be encountered at an old extraction site, for ex-
ample, in an adult in whom a molar or premolar was lost
many years previously (Figure 9-19). It can be very difficult
to close such an extraction site, because tooth movement is
slowed to a minimum as the roots encounter cortical bone
along the resorbed alveolar ridge. 23

As a general rule, torquing movements are limited by
the facial and lingual cortical plates. If a root is persistently

forced against either of these cortical plates, tooth move-
ment is greatly slowed and root resorption is likely (see
p. 314), but penetration of the cortical bone may occur.
Although it is possible to torque the root of a tooth labially
or lingually out of the bone (Figure 9-20), fortunately, it is
difficult to do so.

DELETERIOUS EFFECTS OF
ORTHODONTIC FORCE

Mobility and Pain Related to Orthodontic
Treatment
Orthodontic tooth movement requires not only a remodel-
ing of bone adjacent to the teeth, but also a reorganization
of the PDL itself. Fibers become detached from the bone
and cementum, then reattach at a later time. Radiographi-
cally, it can be observed that the PDL space widens during
orthodontic tooth movement. The combination of a wider
ligament space and a somewhat disorganized ligament
means that some increase in mobility will be observed in
every patient.

A moderate increase in mobility is an expected re-
sponse to orthodontic treatment. The heavier the force,
however, the greater the amount of undermining resorp
tion expected, and the greater the mobility that will de-
velop. Excessive mobility is an indication that excessive
forces are being encountered. This may occur because the
patient is clenching or grinding against a tooth that has
moved into a position of traumatic occlusion. If a tooth be-
comes extremely mobile during orthodontic treatment, it
should be taken out of occlusion and all force should be dis-
continued until the mobility decreases to moderate levels.
Unlike root resorption (see p.314), excessive mobility will
usually correct itself without permanent damage.

If heavy pressure is applied to a tooth, pain develops
almost immediately as the PDL is literally crushed. There
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is no excuse for using force levels for orthodontic tooth
movement that produce immediate pain of this type. If
appropriate orthodontic force is applied, the patient feels
little or nothing immediately. Several hours later, how-
ever, pain usually appears. The patient feels a mild aching
sensation, and the teeth are quite sensitive to pressure, so
that biting a hard object hurts. The pain typically lasts for
2 to 4 days, then disappears until the orthodontic appli-
ance is reactivated. At that point, a similar cycle may re-
cur, but for almost all patients, the pain associated with
the initial activation of the appliance is the most severe. It
is commonly noted that there is a great deal of individual
variation in any pain experience, and this is certainly true
of orthodontic pain. Some patients report little or no pain
even with relatively heavy forces, whereas others experi-
ence considerable discomfort with quite light forces.

The pain associated with orthodontic treatment is re-
lated to the development of ischemic areas in the PDL that
will undergo sterile necrosis (hyalinization). The increased
tenderness to pressure suggests inflammation at the apex,
and the mild pulpitis that usually appears soon after or-
thodontic force is applied probably also contributes to the
pain. There does seem to be a relationship between the
amount of force used and the amount of pain: the greater
the force, the greater the pain, all other factors being
equal. This is consistent with the concept that ischemic ar-
eas in the PDL are the major pain source, since greater
force would produce larger areas of ischemia.

If the source of pain is the development of ischemic
areas, strategies to temporarily relieve pressure and allow
blood flow through compressed areas should help. In fact,
if light forces are used, the amount of pain experienced by
patients can be decreased by having them engage in repet-
itive chewing (of gum, a plastic wafer placed between the
teeth, or whatever) during the first 8 hours after the or-
thodontic appliance is activated. Presumably this works by
temporarily displacing the teeth enough to allow some
blood flow through compressed areas, thereby preventing
build-up of metabolic products that stimulate pain recep-
tors. Light forces, however, are the key to minimizing pain
as a concomitant of orthodontic treatment.

As we have noted above, many drugs used to control
pain have the potential to affect tooth movement because
of their effects on prostaglandins. It has been suggested
that acetaminophen (Tylenol) should be a better analgesic
for orthodontic patients than aspirin or ibuprofen because
it acts centrally rather than as a prostaglandin inhibitor, 24

but with any of these agents, no evidence of inhibition of
tooth movement in humans has been observed. Non-
pharmacologic methods for pain control, including but by
no means limited to magnets in the vicinity, would be ex-
pected to be effective with some but not all patients with
orthodontic pain, just as they are for other types of pain.

It is rare but not impossible for orthodontic patients
to develop pain and inflammation of soft tissues, not be-
cause of the orthodontic force, but because of an allergic

reaction. There are two major culprits when this occurs: a
reaction to the latex in gloves or elastics and a reaction to
the nickel in stainless steel bands, brackets, and wires. La-
tex allergies can become so severe as to be life threatening.
Extreme care should be taken to avoid using latex products
in patients reporting a latex allergy. Nickel is allergenic,
and nearly 20% of the U.S. population show some skin re-
action to nickel-containing materials (cheap jewelry and
earrings). Fortunately, most children with a skin allergy
to nickel have no mucosal response to orthodontic appli-
ances and tolerate treatment perfectly well, but some do
not. The typical symptoms of nickel allergy in an ortho-
dontic patient are widespread erythema and swelling of oral
tissues, developing 1-2 days after treatment is started. For
such patients, titanium brackets and tubes can be substi-
tuted for stainless steel (see Chapter 12).

Effects on the Pulp
In theory, the application of light sustained force to the
crown of a tooth should produce a PDL reaction but should
have little if any effect on the pulp. In fact, although pulpal
reactions to orthodontic treatment are minimal, there is
probably a modest and transient inflammatory response
within the pulp, at least at the beginning of treatment. 26

This may contribute to the discomfort that patients often
experience for a few days after appliances are activated, but
the mild pulpitis has no long-term significance.

There are occasional reports of loss of tooth vitality
during orthodontic treatment. Usually there is a history of
previous trauma to the tooth, but poor control of ortho
dontic force also can be the culprit. If a tooth is subjected
to heavy continuous force, a sequence of abrupt move-
ments occurs, as undermining resorption allows increas-
ingly large increments of change. A large enough abrupt
movement of the root apex could sever the blood vessels as
they enter. Loss of vitality has also been observed when in-
cisor teeth were tipped distally to such an extent that the
root apex, moving in the opposite direction, was actually
moved outside the alveolar process (see Figure 9-20).
Again, such movements probably would sever the blood
vessels entering the pulp canal.

Since the response of the PDL, not the pulp, is the
key element in orthodontic tooth movement, moving en-
dodontically treated teeth is perfectly feasible. Especially
in adults receiving adjunctive orthodontic treatment (see
Chapter 20), it may be necessary to treat some teeth en-
dodontically, and then reposition them orthodontically.
There is no contraindication to this practice. Although
some evidence has indicated that endodontically treated
teeth are more prone to root resorption during ortho-
dontics than are teeth with normal vitality, the most re-
cent studies suggest that this is not the case. 27 Severe root
resorption should not be expected as a consequence of
moving a nonvital tooth that has had proper endodontic
therapy. One special circumstance is a tooth that experi-
enced severe intrusive trauma and required pulp therapy



CHAPTER 9

	

The Biological Basis of Orthodontic Therapy

	

31 3

for that reason. If such a tooth must be repositioned or-
thodontically, resorption seems less likely if a calcium hy-
droxide fill is maintained until the tooth movement is
completed, and then the definitive root canal filling is
placed.

Effects on Root Structure
Orthodontic treatment requires resorption and apposition
of bone adjacent to the root structure of teeth. For many
years it was thought that the root structure of the teeth was
not remodeled in the same way as bone. More recent re-
search has made it plain that when orthodontic forces are
applied, there is usually an attack on the cementum of the
root, just as there is an attack on adjacent bone, but repair
of cementum also occurs.

Rygh and co-workers have shown that cementum ad-
jacent to hyalinized (necrotic) areas of the PDL is
"marked" by this contact and that clast cells attack this
marked cementum when the PDL area is repaired. 29 This
observation helps explain why heavy continuous orthodon-
tic force can lead to severe root resorption. Even with the
most careful control of orthodontic force, however, it is dif-
ficult to avoid creating some hyalinized areas in the PDL.
It is not surprising, therefore, that careful examination of
the root surfaces of teeth that have been moved reveals re-
paired areas of resorption of both cementum and dentin of
the root (Figure 9-21). It appears that cementum (and
dentin, if resorption penetrates through the cementum) is

removed from the root surface, then cementum is restored
in the same way that alveolar bone is removed and then re-
placed. Root remodeling, in other words, is a constant fea-
ture of orthodontic tooth movement, but permanent loss of
root structure would occur only if repair did not replace the
initially resorbed cementum.

Repair of the damaged root restores its original con-
tours, unless the attack on the root surface produces large
defects at the apex that eventually become separated from
the root surface (Figure 9-22). Once an island of cementum
or dentin has been cut totally free from the root surface, it
will be resorbed and will not be replaced. On the other
hand, even deep defects in the form of craters into the root
surface will be filled in again with cementum once ortho-
dontic movement stops. Therefore permanent loss of root
structure related to orthodontic treatment occurs primar-
ily at the apex. Sometimes there is a reduction in the lateral
aspect of the root in the apical region.

Shortening of tooth roots during orthodontic treat-
ment occurs in three distinct forms that must be distin-
guished when the etiology of resorption is considered.

Moderate Generalized Resorption. Despite the
potential for repair, careful radiographic examination of in-
dividuals who have undergone comprehensive orthodontic
treatment shows that most of the teeth show some loss of
root length, and this is greater in patients whose treatment
duration was longer (Table 9-4). The average shortening of
root length of maxillary incisors is somewhat greater than

FIGURE 9-21

	

Coronal section through the root of a premolar being moved to the left
(arrow). Note the zone of PDL compression to the left and tension to the right. Dilation of
blood vessels and osteoblastic activity (A) can be seen on the right. Osteoclasts removing bone
are present on the left (B). Areas of beginning root resorption that will be repaired by later
deposition of cementum also can be seen on the left (C). (Courtesy Prof. B. Melsen.)
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FIGURE 9-22

	

During tooth movement, clast cells attack ce-
mentum as well as bone, creating defects in surface of the roots.
During the repair phase, these defects fill back in with cementum.
Shortening of the root occurs when cavities coalesce at the apex,
so that peninsulas of root structure are cut off as islands. Then the
repair process smooths over the new root surface, and a net loss
of root length occurs. This is why, although both the sides and the
apex of the root experience resorption, roots become shorter but
not thinner as a result of orthodontic tooth movement.

TABLE 9-4 Average Root Length Change

for other teeth, but all teeth included in the typical fixed or-
thodontic appliance show slight average shortening. In the
Seattle study from which the data of Table 9-4 were de-
rived, all teeth except upper second molars were banded.
Note that these were the only unaffected teeth. Although
90% of maxillary incisors and over half of all teeth show
some loss of root length during treatment, for the great
majority of the patients, this modest shortening is almost
imperceptible and is clinically insignificant.

Occasionally, however, loss of one-third or one-half or
more of the root structure is observed in patients who re-
ceived what seemed to be only routine orthodontic therapy
(Figure 9-23). Again, it is important to distinguish between
two forms of severe resorption:

Severe Generalized Resorption. Severe root re-
sorption ofall the teeth, fortunately, is rare. Some individu-
als are prone to root resorption, even without orthodontic
treatment-severe generalized resorption has been observed
many times in individuals who never were orthodontic pa-
tients. If there is evidence of root resorption before ortho-
dontic treatment, the patient is at considerable risk of fur-
ther resorption during orthodontic treatment, much more
so than a patient with no pretreatment resorption. Although
hormonal imbalances and other metabolic derangements
have been suspected in these susceptible patients, little evi-
dence supports these theories. It was reported in the 1940s
that a deficiency of thyroid hormone could lead to general-
ized root resorption, and occasionally thyroid supplements

FIGURE 9-23

	

Root resorption accompanying orthodontic treatment can be placed into three
categories as illustrated here for maxillary central and lateral incisors: A, category 1, slight blunt-
ing; B, category 2, moderate resorption, up to 1/4 of root length; C, category 3, severe resorption,
greater than 1/4 of root length. See Table 9-5 for date for prevalence of these levels of resorption.
(From Kaley JD, Phillips C: Angle Orthod 61:125-131, 1991.)
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for orthodontic patients are suggested as a way to prevent
this, but most patients with generalized resorption have no
endocrine problems. At this point the etiology of severe gen-
eralized resorption must be considered entirely unknown.
Orthodontic treatment is not the major etiologic factor. Var-
ious reports have suggested that above-average resorption
can be anticipated if the teeth have conical roots with
pointed apices, distorted tooth form (dilaceration), or a his-
tory of trauma (whether or not endodontic treatment was
required) .30 These characteristics, however, are best con-
sidered indicators of somewhat more extensive moderate
resorption than as risk factors for severe resorption.

Severe Localized Resorption. In contrast to se-
vere generalized resorption, severe localized resorptioIn
(i.e., severe resorption of a few teeth) probably is caused
by orthodontic treatment in many instances. It has been
known for many years that excessive force during ortho-
dontic treatment increases the risk of root resorption, par-
ticularly if heavy continuous forces are used. Prolonged
duration of orthodontic treatment also increases the
amount of resorption. The risk of severe resorption is
much greater for maxillary incisors (3 % affected vs. <I%
for all other teeth) (Table 9-5). Kaley and Phillips reported
a twenty-fold increase in the risk of severe resorption for
maxillary incisors if their roots were forced against the lin-
gual cortical plate during treatment (Table 9-6). 31 This is
likely to occur during camouflage treatment for skeletal
problems, when the maxillary incisors are torqued (as in
Class II patients) or tipped (as in Class III treatment)
against the lingual cortical plate. Contact with the cortical
plates also can explain other patterns of localized root re-
sorption, as when maxillary incisors are tipped lingually so
that their roots contact the facial cortical plate, or when
buccal root torque of lower molars is used in an effort to
augment anchorage.

TABLE 9-5

	

Percentage of Patients with Root Resorption
by Degree of Resorption (200 Consecutive
Full-Treatment Patients)

Data from Kaley JD, Phillips C: Angle Orthod 61:125-131, 1991.

"Values are for the right tooth in each instance (no significant right-left differences):

0 = no apical root resorption; 1 = slight blunting of the root apex, 2 = moderate
resorption, up to Y of root length; 3 = severe resorption, greater than Y of root length.

(see Figure 9-23).

Effects of Treatment on the Height
of Alveolar Bone
At the root apex, if the balance between apposition and re-
sorption of the root surface moves too far toward resorp-
tion, irreversible shortening of the root may occur. It
seems logical to suspect that this might also happen at the
alveolar bone crest, and that another effect of orthodontic
treatment might be loss of alveolar bone height. Since the
presence of orthodontic appliances increases the amount
of gingival inflammation, even with good hygiene, this po-
tential side effect of treatment might seem even more
likely.

Fortunately, excessive loss of crestal bone height is
almost never seen as a complication of orthodontic treat-
ment. Loss of alveolar crest height in one large series of pa
tients averaged less than 0.5 mm and almost never exceeded
1 mm, with the greatest changes at extraction sites.32 Min-
imal effects on crestal alveolar bone levels also were ob-
served on long-term follow-up of orthodontic patients.
The reason is that the position of the teeth determines the
position of the alveolar bone. When teeth erupt or are
moved, they bring alveolar bone with them. The only
exception is tooth movement in the presence of active
periodontal disease, and even adults who have had bone
loss from periodontal disease can have orthodontic treat-
ment with good bone responses, if the periodontal disease
is well controlled (see Chapter 20).

The relationship between the position of a tooth and
alveolar bone height can be seen clearly when teeth erupt
too much or too little. In the absence of pathologic fac
tors, a tooth that erupts too much simply carries alveolar
bone with it, often for considerable distances. It does not
erupt out of the bone. On the other hand, unless a tooth
erupts into an area of the dental arch, alveolar bone will
not form there. If a tooth is congenitally absent or ex-
tracted at an early age, a permanent defect in the alveolar
bone will occur unless another tooth is moved into the
area relatively rapidly. This is an argument against very
early extraction, as for instance, the enucleation of an
unerupted premolar. Early removal of teeth poses a risk of
creating an alveolar bone defect that cannot be overcome
by later orthodontic treatment.

Data from Kaley JD, Phillips C: Angle Orthod 61:125-131, 1991.

Note: Lingual plate approximation largely explains the other risk factors.

TABLE 9-6

	

Risk Factors for Severe Root Resorption,
Maxillary Incisors
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FIGURE 9-24

	

When a maxillary lateral incisor is congenitally missing and replacement with an im-
plant is the preferred treatment approach, it is better to have the canine erupt in the area of the missing
lateral, and then move it distally, because this stimulates the formation of alveolar bone in the implant area.
A, Pre-treatment panoramic radiograph, showing mesially positioned canines, which is favorable in this
situation. The primary canines should not be extracted at this time; B and C, Mesially positioned canines
after eruption; D, Canine position after orthodontic repositioning; E, Temporary lateral replacements on
orthodontic retainer. Unlike the situation when a tooth is extracted, the alveolar bone in the area from
which the canines were moved does not resorb quickly, so bone is preserved for implants that should not
be placed until vertical growth is completed; F, Implant placement. When the canines are moved distally,
it is important to do this bodily, instead of just tipping the crowns distally, otherwise there will not be
enough room between the roots even if there is space between the crowns; G and H, Implants with
lateral incisor crowns in place. (Courtesy Dr. V Kokich.)

Because an erupting tooth brings alveolar bone with it,
orthodontic tooth movement can be used to create the
alveolar bone needed to support an implant to replace a
congenitally missing tooth. For instance, if a maxillary lat-
eral incisor is missing and a prosthetic replacement is
planned, it is advantageous to have the permanent canine
erupt mesially, into the area of the missing lateral incisor,
and then to move it back into its proper position toward the
end of the growth period (Figure 9-24). This stimulates the
formation of alveolar bone in the lateral incisor region that
otherwise would have not formed.

The same effects on alveolar bone height are seen with
orthodontic extrusion as with eruption: as long as the or-
thodontic treatment is carried out with reasonable force
levels and reasonable speed of tooth movement, a tooth
brought into the dental arch by extrusive orthodontic
forces will bring alveolar bone with it. The height of the
bone attachment along the root will be about the same at
the conclusion of movement as at the beginning. In some
circumstances it is possible to induce bone formation
where an implant will be required, by extruding the root of
an otherwise hopelessly damaged tooth, so that new hard
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and soft tissue forms in the area. 35 If a tooth is intruded,
bone height tends to be lost at the alveolar crest, so that
about the same percentage of the root remains embedded
in bone as before, even if the intrusion was over a consid-
erable distance.

In most circumstances, this tendency for alveolar bone
height to stay at the same level along the root is a thera-
peutic plus. Occasionally, it would be desirable to change
the amount of tooth embedded in bone. For instance, the
bone support around periodontally involved teeth could be
improved by intruding the teeth and forcing the roots
deeper into the bone, if the alveolar bone did not follow the
intruding tooth. There are reports of therapeutic benefit
from intruding periodontally involved teeth, 16 but the re-
duced pocketing relates to the formation of a long func-
tional epithelium, not to reattachment of the PDL or more
extensive bony support. On occasion, it is desirable to elon-
gate the root of a fractured tooth, to enable its use as a pros-
thetic abutment without crown-lengthening surgery (see
Chapter 20). If heavy forces are used to extrude a tooth
quickly, a relative loss of attachment may occur, but this de-
liberately nonphysiologic extrusion is at best traumatic and
at worst can lead to ankylosis and/or resorption. Physio-
logic extrusion or intrusion that brings the alveolar bone
along with the tooth, followed by surgical recontouring of
gingiva and bone, is preferable. 37

SKELETAL EFFECTS OF ORTHODONTIC
FORCE: GROWTH MODIFICATION

Principles in Growth Modification
Orthodontic force applied to the teeth has the potential
to radiate outward and affect distant skeletal locations.
Orthodontic tooth movement can correct dental malocclu-
sions; if the distant effects could change the pattern of jaw
growth, there also would be the possibility of correcting
skeletal malocclusions.

Our current knowledge of how and why the jaws grow
is covered in some detail in Chapters 2 through 4. In brief
summary, the maxilla grows by apposition of new bone at
its posterior and superior sutures, in response to being
pushed forward by the lengthening cranial base and pulled
downward and forward by the growth of the adjacent soft
tissues. Tension at the sutures as the maxilla is displaced
from its supporting structures appears to be the stimulus
for new bone formation. Somewhat similarly, the mandible
is pulled downward and forward by the soft tissues in which
it is embedded. In response, the condylar process grows up-
ward and backward to maintain the temporomandibular ar-
ticulation. If this is so, it seems entirely reasonable that
pressures resisting the downward and forward movement
of either jaw should decrease the amount of growth, while
adding to the forces that pull them downward and forward
should increase their growth.

The possibility of modifying the growth of the jaws
and face in this way has been accepted, rejected, and then
accepted again during the past century. Although the extent
to which treatment can produce skeletal change remains
controversial, the clinical effectiveness of procedures aimed
at modifying growth has been demonstrated in recent
years. The possibilities for growth modification treatment
and the characteristics of patients who would be good can-
didates for it are described in Chapter 8. Here, the focus is
on how the effects on growth are produced.

Effects of Orthodontic Force
on the Maxilla and Midface
Teeth erupt and bring alveolar bone with them, a contribu-
tion to growth of both jaws that is of great importance in
orthodontic treatment. Manipulation and control of tooth
eruption is properly considered an aspect of orthodontic
tooth movement and therefore has been reviewed in some
detail in the section above, but growth of the alveolar
process has a major effect on anteroposterior and vertical
jaw relationships. The discussion below focuses on skeletal
(i.e., non-dentoalveolar) growth and how orthodontic force
can affect distant sites. It is important to keep in mind,
however, that in treatment of patients, the dentoalveolar
and skeletal effects cannot be divorced so readily.

Modification of Maxillary Growth. Besides the
dentoalveolar process, the important sites of growth of the
maxilla, where it might be possible to alter the expression
of growth, are the sutures that attach the maxilla to the zy-
goma, pterygoid plates, and frontonasal area and separate
the middle of the palate. These sutures are similar in some
respects to the PDL, but are neither as complex in their
structure nor nearly as densely collagenous (Figure 9-25).
For modification of excessive maxillary growth, the con-
cept of treatment would be to add a force to oppose the nat-
ural force that separates the sutures, preventing the amount
of separation that would have occurred (Figure 9-26). For
deficient growth, the concept would be to add additional
force to the natural force, separating the sutures more than
otherwise would have occurred.

It is difficult to measure compression or tension within
sutures, and there is no way to know theoretically what is
required to alter growth. Clinical experience suggests that
moderate amounts of force against the maxillary teeth can
impede forward growth of the maxilla, but heavier force is
needed for separation of sutures and growth stimulation.
When force is applied to the teeth, only a small fraction of
the pressure in the PDL is experienced at the sutures, be-
cause the area of the sutures is so much larger. For this rea-
son, even the moderate forces recommended for restraint of
forward maxillary growth tend to be heavier than those rec-
ommended for tooth movement alone. For instance, a force
of 2 50 gm per side (500 gm total) probably is about the min-
imum for impeding forward movement of the maxilla, and
often this force or more is applied only to the first molar
teeth via a facebow. Heavier force (up to 1000 gm), usually
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FIGURE 9-25

	

Like the other sutures of the facial skeleton, the mid-palatal suture becomes in-
creasingly tortuous and interdigitated with increasing age. These diagrams show the typical histologic
appearance of the mid-palatal suture in (A) infancy, when the suture is almost a straight line; (B) child-
hood (early mixed dentition); and (C) early adolescence. In childhood sutural expansion can be ac-
complished with almost any type of expansion device (e.g., a lingual arch). By early adolescence in-
terdigitation of spicules in the suture has reached the point that a jackscrew with considerable force
is required to create micro-fractures before the suture can open. By the late teens, interdigitation and
areas of bony bridging across the suture develop to the point that skeletal maxillary expansion be-
comes impossible. (Redrawn from Melsen B: Am f Orthod 668:42-54, 1975.)

applied to a splint that distributes it over most or all the
teeth, appears to be needed to bring the maxilla forward.

The effect of this much force on the dentition is a jus-
tifiable matter for concern. During growth modification
treatment, tooth movement is undesirable-the objective is
to correct the jaw discrepancy, not move teeth to camou-
flage it. As we have noted in the first part of this chapter,
heavy continuous force can damage the roots of the teeth
and the periodontium. Heavy intermittent force is less
likely to produce damage, and intermittent force is a less ef-
fective way to induce tooth movement, probably because
the stimulus for undermining resorption is diluted during
the times that the heavy force is removed. It follows logi-
cally that to minimize damage to the teeth, full-time appli-
cation of heavy force to the maxilla is unwise.

Because tooth movement is an undesirable side effect,
it would be convenient if part-time application of heavy
force produced relatively more skeletal than dental effect.
At one time, it was thought that the skeletal effect of
headgear was about the same with 12 to 16 or 24 hours of
wear per day, while much more tooth movement occurred
with solid 24-hour wear. This would be another argument
for part-time rather than full-time headgear wear. How-
ever, very little data exist to support this hypothesis, and
intermittent headgear wear cannot be relied on to pro-
duce a differential between tooth movement and skeletal
change.

For tooth movement, there is a definite threshold for
the duration of force: unless force is applied to a tooth for
at least 6 hours per day, no bone remodeling occurs.
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FIGURE 9-26

	

Extraoral force applied to the maxillary teeth
radiates to the sutures of the maxilla, where it can affect the
pattern of skeletal maxillary growth.

FIGURE 9-27 Cephalometric superimposition showing
growth modification produced by extraoral force to the maxilla.
Note that the maxilla has moved downward and backward, not
in the expected downward and forward direction shown by the
mandible.

Whether a similar duration threshold applies to sutures is
unknown, but clinical experience suggests that it may.

Until recently the time of day when force was applied
to the jaws was not considered important. It seems clear
that in both experimental animals and humans, short-term
growth is characterized by fluctuations in growth rates,
even within a single day. 38 It has been known for some
time that in growing children, growth hormone is released
primarily during the evening, so it is not surprising that
addition of new bone at the epiphyseal plates of the long
bones occurs mostly-perhaps entirely-at night. 39 We do
not know whether facial growth follows this pattern, but it
is entirely possible that it does. It also is possible that tooth
movement is more likely to occur during the times of ac-
tive growth, since eruption occurs then and recent animal
experiments have detected differences in the rate of tooth
movement at different times of the day. 40 Since orthodon-
tic patients are more likely to wear headgear at night than
during the day, perhaps it is fortunate that its effect may be
greatest at this time. Growth hormone release begins in
the early evening, however, so it probably is important to
stress that a patient should begin wearing headgear (or a
functional appliance) immediately after dinner rather than
waiting until bedtime.

Based on these considerations, the following "force
prescription" for headgear to restrain maxillary growth in
patients with Class 11 problems now is considered optimal:

• Force of 500 to 1000 gm total (half that per side)
• Force direction slightly above the occlusal plane

(through the center of resistance of the molar teeth,
if the force application is to the molars by a facebow)

• Force duration at least 12 hours per day, every day,
with emphasis on wearing it from early evening
(right after dinner) until the next morning

• Typical treatment duration 12 to 18 months, de-
pending on rapidity of growth and patient coopera-
tion (Figure 9-27)

It must be kept in mind that both orthopedic (skeletal)
and orthodontic (dental) effects will be produced from use
of this force prescription. The changes to be expected are
outlined in Chapter 8 and have been reviewed in detail by
Baumrind et al.41 Sometimes extraoral force is used with
the aim of promoting tooth movement, and then, of course,
the force levels should be lighter and the duration of wear
longer.

As we have discussed in Chapter 8, although modest
changes can be produced by a face mask (reverse head-
gear), augmenting forward growth of the maxilla by pro
ducing tension in the sutures has not been as successful
clinically as restraining growth. The difficulty in stimulat-
ing the entire maxilla to grow forward probably reflects
our inability to produce enough force at the posterior and
superior sutures to separate them in older children, but
that is not the whole story. Part of the problem also is the
extent of interdigitation of bony spicules across the sutural
lines (see Figure 9-25). 42 As the sutures become more and
more highly interdigitated with increasing age, it becomes
more and more difficult to separate them. In an adoles-
cent, enough force can be applied across the palate with a
jackscrew to open a moderately interdigitated midpalatal
suture, but reverse headgear cannot produce that much
force in the much more extensive suture system above and
behind the maxilla, once even a moderate level of inter-
digitation has been reached.

Tooth movement is undesirable when any type of growth
modification is being attempted, but it is a particular problem
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FIGURE 9-28

	

The Onplant system provides a temporary fixture fused to the bone surface that can
be used for orthodontic anchorage. In one application of this approach, maximum anchorage for retrac-
tion of maxillary incisors could be obtained by placing an onplant in the center of the palate and using it
to stabilize the maxillary posterior teeth as the anterior teeth were retracted into a first premolar extrac-
tion space. A, After the onplant, which is a titanium fixture coated on its base with hydroxylapatite, is
placed via a lateral incision and submucosal dissection and has become integrated, it is exposed and a pro-
tective cap is placed; B, A transpalatal lingual arch from first molar bands is placed through a cap that fits
onto the integrated fixture and C, is screwed into place; D, an onplant-stabilized lingual arch in position
in a patient. The onplant is removed after treatment through the same type of incision through which it
was placed-it pops loose with a tap of a chisel. (Courtesy Dr. B. Kvarnstrom, Nobel BioCare.)
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in efforts to displace the maxilla forward. One way to over-
come this might be to apply the reverse headgear to an im-
plant in the maxilla. An ankylosed primary tooth, which has
become fused to the bone and is no longer capable of re-
sponding to orthodontic force but will eventually be lost be-
cause of root resorption, can be considered a temporary im-
plant. It is possible to deliberately induce ankylosis of primary
canines during the mixed dentition by extracting and re-
planting them. Animal experiments and experience with a
few human subjects43 have shown that ankylosed primary
teeth can be used to deliver force to the maxilla. Eventually,
the ankylosed tooth resorbs or must be extracted, but there is
little or no effect on its permanent successor. This approach
may offer a way to treat maxillary deficiency patients who are
at least somewhat older than the current age limits.

Adolescent patients who are losing their last primary
teeth pose an even greater problem in overcoming maxil-
lary deficiency. Inducing ankylosis of a permanent tooth
to provide a point for application of force is not feasible
because vertical growth, and with it further eruption of
the teeth, continues into the late teens. If ankylosis of a
permanent tooth occurred before vertical growth was
completed, the tooth would end up out of occlusion in
adult life. After healing is complete, osseointegrated im-
plants seem to withstand orthodontic force nicely. The
newly-developed onplant approach (Figure 9-28), using a
post that integrates with the surface of the bone but can
be removed later,44 has considerable promise as a way of
delivering force where it is needed for skeletal effects. In
the future it may be possible to place onplants, perhaps in
the lateral buttress of the maxilla above the dentition, and
apply extraoral force against them to bring the maxilla
forward. Whether this will become a practical clinical
procedure remains to be seen; there is still the question of
how well an adolescent would tolerate the large amount of
force that probably would be needed at that age.

An ankylosed tooth or implant/onplant would provide
perfect anchorage in the sense that there would be no un-
wanted tooth movement, but this should not be taken to
mean that there would then be no constraints on the amount
of possible skeletal change. Forward growth, after all, seems
to be largely controlled by the soft tissue matrix in which the
maxilla is embedded. Clinical experience to date suggests
that more than 3 mm forward displacement of the maxilla is
unlikely, probably because of soft tissue limitations.

Effects of Orthodontic Force
on the Mandible
If the mandible, like the maxilla, grows largely in response
to growth of the surrounding soft tissues, it should be pos-
sible to alter its growth in somewhat the same way maxil-
lary growth can be altered, by pushing back against it or
pulling it forward. To some extent, that is true, but the at-
tachment of the mandible to the rest of the facial skeleton
via the temporomandibular joint is very different from
the sutural attachment of the maxilla. Not surprisingly, the

response of the mandible to force transmitted to the tem-
poromandibular joint also is quite different.

As we have discussed in Chapter 8, efforts to restrain
mandibular growth by applying a compressive force to the
mandibular condyle have never been very successful. Animal
experiments, in which quite heavy and prolonged forces can
be used, suggest that restraining forces can stop mandibular
growth and cause remodeling within the temporal fossa.45
Tooth movement is not a major problem, because the force
is applied to the chin rather than the mandibular teeth. The
difficulty in getting this to work with human children may
be related to their willingness to cooperate with the duration
and magnitude of force necessary, or may be the result of in-
appropriate force levels within the joint.

The duration of the chin cup force (hours/day) may be
an important difference between children and experimental
animals. In the animal experiments in which a force against
the chin has been shown to impede mandibular growth, the
force was present essentially all the time. The effect of func-
tional ankylosis in children (see Chapter 5) demonstrates
that when there is a constant interference with translation of
the condyles out of the glenoid fossa, growth is inhibited, in
the absence of force against the chin. An experimental ani-
mal has no choice but to wear a restraining device full-time
(and tolerate heavy force levels). Children will wear a
growth-modifying appliance for some hours per day, but are
quite unlikely to wear it all the time even if they promise to
do so. Headgear against the maxilla works well with 12 to 14
hours per day, or even less, but the mandible may be differ-
ent. It is possible, though no one knows for sure, that re-
straint of mandibular growth may require prevention of
translation on a full-time or nearly full-time basis.

It also is possible that if appropriate pressure could be
created within the joint, growth could be restrained with
part-time application of force. The presence of the articu
lar disk complicates the situation, making it difficult to de-
termine exactly what areas in and around the temporo-
mandibular joint are being loaded by pressure against the
chin. In addition, the geometry of the rounded joint sur-
faces makes it difficult to load the entire area (Figure 9-29).

FIGURE 9-29

	

Extraoral force aimed at the condyle of the
mandible tends to load only a small portion of the rounded sur-
face, which is one explanation for the relative ineffectiveness of
this type of attempted growth modification.
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A force aimed at the top of the condyle might well restrain
growth there, but growth only a few millimeters away
would be unaffected, since that area would experience little
or no force. If the force were aimed at the back of the
condyle, the top would be minimally affected. Extremely
heavy force, more than most children will tolerate, may be
needed to achieve adequate force levels throughout the
growing area.

It is possible to use a chin cup to deliberately rotate the
mandible down and back, redirecting rather than directly
restraining mandibular growth (see Chapter 8). This re
duces the prominence of the chin, at the expense of
increasing anterior face height. Much of the clinical success
that has been obtained with restraints against the mandible
can be attributed to this type of rotation. 46 Class III func-
tional appliances produce exactly the same type of down-
ward and backward rotation. The problem, of course, is
that a patient who had excessive face height and mandibu-
lar prognathism would not be a good candidate for this type
of treatment-and two thirds of the prognathic patients
have a long face as well.

It is fair to say that controlling excessive mandibular
growth is an important unsolved problem in contemporary
orthodontics. At this point, we simply cannot restrain
mandibular growth with anything like the effectiveness of
similar treatment for the maxilla.

On the other hand, the condyle translates forward
away from the temporal bone during normal function, and
the mandible can be pulled into a protruded position and
held there for long durations with moderate and entirely
tolerable force. If the current theory is correct, that should
stimulate growth. Arguments have raged for many years
over whether it really does. If growth stimulation is de-
fined as an acceleration of growth, so that the mandible
grows faster while it is being protruded, growth stimula-
tion can be shown to occur for many (but not all) patients
(see Figure 8-36). If stimulation is defined as producing a
larger mandible at the end of the total growth period than
would have existed without treatment, it is much harder
to demonstrate a positive effect. The ultimate size of
mandibles in treated and untreated patients is remarkably
similar.48

It is possible that exactly how the mandible is held for-
ward out of the fossa is important in determining the re-
sponse. There are two mechanisms for protrusion. One is
passive, that is, the mandible is held forward by the ortho-
dontic appliance. The other is active, that is, the patient re-
sponds to the appliance by using his or her muscles, espe-
cially the lateral pterygoid, to hold the mandible forward.
Stimulating (activating) the muscles was thought to be im-
portant from the beginning of functional appliance ther-
apy, hence both the generic functional name and the specific
term activator

Up to a certain point, posturing the mandible forward
does activate the mandibular musculature-both the eleva-
tors and the less powerful muscles involved in protrusion.

Some clinicians argue that it is important in taking the con-
struction bite for a functional appliance to advance the
mandible only a few millimeters, because this gives maxi-
mum activation of the muscles. If the mandible is brought
forward a considerable distance, I cm or more, the muscles
tend to be electrically silenced rather than activated. But
appliances made with such extreme construction bites can
be quite effective clinically, and may be just as potent in
modifying mandibular (and maxillary) growth as appliances
made with smaller advancements. Muscle activation, in
short, is not necessary to obtain growth modification. The
argument is about whether muscle activation makes these
appliances work better, not whether it is necessary for them
to work at all.

When the mandible is protruded (or restrained),
changes can occur on the temporal as well as the mandibu-
lar side of the temporomandibular joint. Sometimes
lengthening of the mandible has much less than the ex-
pected effect on a skeletal Class II malocclusion, because
the temporomandibular joint remodels posteriorly at the
same time the mandible is growing longer (see Figure 4-9),
and occasionally forward displacement of the joint con-
tributes noticeably to Class II correction. In experiments
with monkeys, full-time mandibular protrusion leads to re-
modeling of the glenoid fossa and forward relocation of the
temporomandibular joint,49 and radiographs of the joint in
children wearing similar appliances suggest that bone is be-
ing added to its posterior area. There are no data to sug-
gest, however, that forward relocation of the temporo-
mandibular joint area is a major factor in the usual clinical
response to functional appliances.

Holding the mandible forward passively requires a
force of a few hundred grams. If the musculature relaxes,
the reaction force is distributed to the maxilla and, to the
extent that the appliance contacts them, to the maxillary
and mandibular teeth. The restraint of forward maxillary
growth that often accompanies functional appliance treat-
ment is another indication that extremely heavy force is not
required to affect the maxilla. On the other hand, headgear
usually produces a greater effect on the maxilla than a func-
tional appliance. This implies that the reactive forces from
posturing the mandible forward are below the optimum
level for altering maxillary growth. When a functional ap-
pliance contacts the teeth, as most do, a force system iden-
tical to Class II elastics is created, which would move the
upper teeth backward and the lower teeth forward. To max-
imize skeletal effects and minimize dental effects, it is clear
that the reactive forces should be kept away from the teeth,
in so far as possible.

From this perspective, whether the patient actively
uses his musculature to posture the mandible forward or
passively rests against the appliance may or may not affect
the amount of mandibular growth, but it definitely affects
how much tooth movement occurs and may determine the
effect on the maxilla. The difference between active and
passive protrusion shows up most clearly when the Herbst
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Functional appliance treatment can result in any combination of differential mandibu-
lar growth relative to the maxilla and cranial base (skeletal effect) and displacement of the mandibular and
maxillary teeth (dental effect). Note in these tracings of the response to Herbst appliance treatment the
almost total skeletal response in A, the combination of skeletal and dental changes in B, and the almost
totally dentally response in C. Although the changes in B are typical, it is important to keep in mind that
responses like A and C can occur. (Redrawn from Pancherz H: Am.7Orthod 82:104-113, 1982). Continued

appliance (see Figure 11-6), the only fixed functional appli-
ance, is used. With the Herbst appliance, the condyle is dis-
placed anteriorly at all times, but the amount of force
against the teeth is very much under the patient's control.
The patient can use his or her own muscles to hold the
mandible forward, with the Herbst appliance serving only
as a stimulus to do so; or the appliance can passively hold
the jaw forward, with no contribution from the muscula-

ture. If the muscles hold the jaw forward, there is little or
no reactive force against the teeth and minimal tooth
movement; if the jaw repositioning is entirely passive, force
against the teeth can displace them quite significantly.

All of the possible outcomes can be seen in cephalo-
metric tracings of patients treated with the Herbst appli-
ance (Figure 9-30). 5° This device is potentially the most
effective of the functional appliances in altering jaw
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growth, probably because of its full-time action, but it is
also rather unpredictable in terms of the amount of skele-
tal vs. dental change likely to be produced. At first glance,
an advantage of the Herbst appliance would appear to be
that it removes cooperation and compliance as a factor in
treatment. On closer examination, cooperation in terms
of active versus passive posturing of the jaw is extremely
important in determining the result. The Frankel appli-
ance (see Figure 11 -9), which is supported mostly by the
soft tissues rather than the teeth, should be and probably
is the functional appliance least likely to displace the
teeth, but a Class II elastics effect can be seen even with
this appliance.

The various types of functional appliances and their
use in clinical treatment are reviewed in detail, along with
other growth-modifying appliances, in Chapters 11 and 15.

1. Bumann A, Carvalho RS, Schwarzer CL, Yen EH: Collagen
synthesis from human PDL cells following orthodontic
tooth movement, Eur J Orthod 19:29-37, 1997.

2. Basdra EK, Komposch G: Osteoblast-like properties of
human periodontal ligament cells: an in vitro analysis, Eur J
Orthod 19:615-621, 1997.

3. Yokoya K, Sasaki T, Shibasaki Y: Distributional changes of
osteoclasts and pre-osteoclastic cells in periodontal tissues
during experimental tooth movement, J Dent Res 76:580-
587, 1997.

4. Marks SC Jr.: The basic and applied biology of tooth erup-
tion, Connective Tissue Res 32:149-157, 1995.

5. Proffit WR: Equilibrium theory revisited: factors influenc-
ing position of the teeth, Angle Orthod 48:175-186, 1978.

6. Bassett CA: Bioelectromagnetics in the service of medicine,
Electromagnetic Fields 250: 261-275, 1995 (in Advances in
Chemistry Series).

7. Shapiro E: Orthodontic movement using pulsating force-
induced piezoelectricity, Am J Orthod 73:59-66, 1979.

8. Norton LA: Stress-generated potentials and bioelectric
effects: their possible relationship to tooth movement. In
Norton LA, Burstone CJ (editors): The biology of ortho-
dontic tooth movement, Boca Raton, Fla, 1989, CRC Press.

9. Giovanelli S, Festa F: Effect of electric stimulation on tooth
movement in clinical application. In Davidovitch Z, Norton
LA (editors): Biological mechanisms of tooth movement and
craniofacial adaptation, Boston, 1996, Harvard Society for
Advancement of Orthodontics.

10. Stark TM, Sinclair PM: The effect of pulsed electromagnetic
fields on orthodontic tooth movement, Am J Orthod 91:
91-104,1987.

11. Khouw FE, Goldhaber P: Changes in vasculature of the
periodontium associated with tooth movement in the rhesus
monkey and dog, Arch Oral Bio115:1125-1132, 1970.

12. Davidovitch Z, Shamfield JL: Cyclic nucleotide levels in
alveolar bone of orthodontically treated cats, Arch Oral Biol
20:567-574, 1975.

13. Grieve WG, Johnson GK, Moore RN et al: Prostaglandin-E
and interleukin-1 beta levels in gingival crevicular fluid dur-
ing human orthodontic tooth movement, Am J Orthod
Dentofac Orthop 105:369-374, 1994.

14. Rodan GA, Yeh CK, Thompson DT: Prostaglandins and
bone. In Norton LA, Burstone CJ (editors): The biology of
orthodontic tooth movement, Boca Raton, Fla, 1989, CRC
Press.

15. Sandy JR, Famdale RW, Meikle MC: Recent advances in
understanding mechanically induced bone remodeling
and their relevance to orthodontic theory and practice, Am J
Orthod Dentofac Orthop 103:212-222, 1993.

16. Collin-Osdoby P, Nickols GA, Osdoby P: Bone cell function,
regulation and communication-a role for nitric oxide, J
Cellular Biochem 57:399-408, 1995.

17. Roberts WE, Ferguson DJ: Cell kinetics of the periodontal
ligament. In Norton LA, Burstone CJ (editors): The biology
of orthodontic tooth movement, Boca Raton, Fla, 1989,
CRC Press.

18. King GJ, Keeling SD, Wronski TJ: Histomorphometric
study of alveolar bone turnover in orthodontic tooth move-
ment, Bone 12:401-409, 1991.

19. Kanis JA, Gertz BJ, Singer F, Ortolani S: Rationale for the
use of alendronate in osteoporosis, Osteoporosis Int 5:1-13,
1995.

20. Zhou D, Hughes B, King GJ: Histomorphometric and bio-
chemical study of osteoclasts at orthodontic compression
sites in the rat during indomethacin inhibition, Arch Oral

Biol 42:717-726, 1997.
21. Quinn RS, Yoshikawa DK: A reassessment of force magni-

tude in orthodontics, Am J Orthod 88:252-260, 1985.
22. Ricketts RM et al: Bioprogressive therapy, Denver, 1979,

Rocky Mountain Orthodontics.
23. Goldberg D, Turley PK: Orthodontic space closure of the

edentulous maxillary first molar area in adults, Int J Adult
Orthod Orthognath Surg 4:255-266, 1989.

24. Roche JJ, Cisneros GJ, Acs G: The effect of acetaminophen
on tooth movement in rabbits, Angle Orthod 67:231-236,
1997.

25. Janson GRP, Dainesi EA, Consolaro A et al: Nickel hyper-
sensitivity reaction before, during and after orthodontic
therapy, Am J Orthod Dentofac Orthop 113:655-660, 1998.

26. Anstendig H, Kronman J: A histologic study of pulpal reac-
tion to orthodontic tooth movement in dogs, Angle Orthod
42:50-55, 1972.

27. Spurrier SW, Hall SH, Joondeph DR et al: A comparison
of apical root resorption during orthodontic treatment in
endodontically treated and vital teeth, Am J Orthod Dento-
fac Orthop 97:130-134, 1990.

28. Spaulding PM, Fields HW, Torney D et al: The changing
role of endodontics and orthodontics in the management of
traumatically intruded permanent incisors, Pediatr Dent
7:104-110, 1985.

29. Brudvik P, Pygh P: Transition and determinants of ortho-
dontic root resorption-repair sequence, Eur J Orthod
17:177-188,1995.

30. Mirabella AD, Artun J: Risk factors for apical root resorption
of maxillary anterior teeth in adult orthodontic patients, Am
J Orthod Dentofac Orthop 108:48-55, 1995.

REFERENCES



CHAPTER 9

	

The Biological Basis of Orthodontic Therapy

	

325

31. Kaley JD, Phillips C: Factors related to root resorption in
edgewise practice, Angle Orthod 61:125-131, 1991.

32. Kennedy DB, Joondeph DR, Osterburg SK, Little RM: The
effect of extraction and orthodontic treatment on dentoalve-
olar support, Am J Orthod 84:183-190, 1983.

33. Sharpe W, Reed B, Subtelny JD, Polson A: Orthodontic re-
lapse, apical root resorption and crestal alveolar bone levels,
Am J Orthod Dentofacial Orthop 91:252-258, 1987.

34. Kokich VG: Interdisciplinary management of single-tooth
implants, Sem Orthod 3:45-72, 1997.

35. Mantzikos T, Shamus 1: Forced eruption and implant site
development: soft tissue response, Am J Orthod Dentofac
Orthop 112:596-606, 1997.

36. Melsen B, Agerbaek N, Markenstam G: Intrusion of incisors
in adult patients with marginal bone loss, Am J Orthod
Dentofac Orthop 96:232-241, 1989.

37. IngberJS: Forced eruption: alterations of soft tissue cosmetic
deformities, Int J Periodontol Rest Dent 9:417-428, 1989.

38. Hermanussen M: The analysis of short-term growth, Hor-
mone Res 49:53-64,1998.

39. Stevenson S, Hunziker EB, Hermann W, Schenk RK: Is
longitudinal bone growth influenced by diurnal variation in
the mitotic activity of chondrocytes of the growth plates? J
Orthop Res 8:132-135, 1990.

40. Igarashi K, Miyoshi K, Shinoda H, Saeki S, Mitani H: Diurnal
variation in tooth movement in response to an orthodontic
force in rats, Am J Orthod Dentofac Orthop 114:8-14, 1998.

41. Baumrind S, Korn EL, Isaacson RJ et al: Quantitative analy-
sis of the orthodontic and orthopedic effects of maxillary
traction, Am J Orthod 83:384-398, 1983.

42. Melsen B: Palatal growth studied on human autopsy mater-
ial, Am J Orthod 68:42-54, 1975.

43. Omnell ML, Sheller B: Maxillary protraction to intention-
ally ankylosed deciduous canines in a patient with cleft
palate, Am J Orthod Dentofac Orthop 106:201-205, 1994.

44. Block MS, Hoffman DR: A new device for absolute anchor-
age for orthodontics, Am J Orthod Dentofac Orthop
107:251-258, 1995.

45. Janzen EK, Bluher JA: The cephalometric, anatomic and
histologic changes in Macaca mulatta after application of a
continuous-acting retraction force on the mandible, Am J
Orthod 51:832-855, 1965.

46. Allen RA, Connolly IH, Richardson A: Early treatment of
Class III incisor relationship using the chincap appliance,
Eur J Orthod 15:371-376, 1993.

47. Profit WR, White RP Jr: Who seeks surgical-orthodontic
treatment? Int J Adult Orthod Dentofac Orthop 5:153-160,
1990.

48. Baumrind S, Korn EL, Isaacson RJ et al: Superimpositional
assessment of treatment-associated changes in the temporo-
mandibular joint and the mandibular symphysis, Am J Or-
thod 84:443-465,1983.

49. Woodside DG, Metakas A, Altuna G: The influence of func-
tional appliance therapy on glenoid fossa remodeling, Am J
Orthod Dentofac Orthop 92:181-198, 1987.

50. Pancherz H: The mechanism of Class 11 correction in Herbst
appliance treatment, Am J Orthod 82:104-113, 1982.



CHAPTER

Mechanical Principles in Orthodontic
Force Control

Elastic materials and the production of orthodontic force

The basic properties of elastic materials
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Two-couple systems
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Symmetric and asymmetric bends

Utility and 2 x 4 arches to change incisor positions

Transverse movement of posterior teeth

Lingual arches as two-couple systems

Segmented arch mechanics

Continuous arch mechanics

Optimum orthodontic tooth movement is produced
by light, continuous force. The challenge in designing
and using an orthodontic appliance is to produce a force
system with these characteristics, creating forces that are
neither too great nor too variable over time. It is particu-
larly important that the light forces do not decrease

rapidly, decaying away either because the material itself
loses its elasticity or because a small amount of tooth
movement causes a larger change in the amount of force
delivered. Both the behavior of elastic materials and
mechanical factors in the response of the teeth must be
considered in the design of an orthodontic appliance
system through which mechanotherapy is delivered.

ELASTIC MATERIALS AND THE
PRODUCTION OF ORTHODONTIC FORCE

The Basic Properties of Elastic Materials
The elastic behavior of any material is defined in terms of
its stress-strain response to an external load. Both stress
and strain refer to the internal state of the material being
studied: stress is the internal distribution of the load, de-
fined as force per unit area, whereas strain is the internal
distortion produced by the load, defined as deflection per
unit length.

For analysis purposes, orthodontic arch wires and
springs can be considered as beams, supported either only
on one end (e.g., a spring projecting from a removable ap
pliance) or on both ends (the segment of an arch wire span-
ning between attachments on adjacent teeth) (Figure 10-1).
If a force is applied to such a beam, its response can be mea-
sured as the deflection (bending or twisting) produced by
the force (Figure 10-2). Force and deflection are external
measurements. In tension, internal stress and strain can be
calculated from force and deflection by considering the
area and length of the beam.

For orthodontic purposes, three major properties of
beam materials are critical in defining their clinical useful-
ness: strength, stiffiless (or its inverse, springiness), and range.
Each can be defined by appropriate reference to a force-
deflection or stress-strain diagram (Figures 10-2 and 10-3).

326



CHAPTER 1 0

	

Mechanical Principles in Orthodontic Force Control

	

327

FIGURE 10-1

	

Cantilever (A) and supported beams (B).

FIGURE 10-2

	

A typical force-deflection curve for an elastic
material like an orthodontic arch wire. The stiffness of the mate-
rial is given by the slope of the linear portion of the curve. The
range is the distance along the X-axis to the point at which per-
manent deformation occurs (usually taken as the yield point, at
which 0.1% permanent deformation has occurred). Clinically
useful springback occurs if the wire is deflected beyond the yield
point (as to the point indicated here as "arbitrary clinical load-
ing"), but it no longer returns to its original shape. At the failure
point, the wire breaks.

Three different points on a stress-strain diagram can
be taken as representative of the strength of a material (see
Figure 10-3). Each represents, in a somewhat different way,
the maximum load that the material can resist. The most
conservative measure is the proportional limit, the point at
which any permanent deformation is first observed. (Al-
though there is a slight difference in the engineering defi-
nition of the term elastic limit, it is essentially the same
point, and elastic and proportional limit may be used inter-
changeably.) A more practical indicator is the point at
which a deformation of 0.1 % is measured; this is defined as
the yield strength. The maximum load the wire can sus-
tain-the ultimate tensile strength-is reached after some
permanent deformation and is greater than the yield
strength. Since this ultimate strength determines the max-

Strain
FIGURE 10-3 Stress and strain are internal characteristics
that can be calculated from measurements of force and deflection,
so the general shapes of force-deflection and stress-strain curves
are similar. Three different points on a stress-strain diagram can
be taken as representing the strength. The slope of the stress-
strain curve, E, is the modulus of elasticity, to which stiffness and
springiness are proportional.

imum force the wire can deliver if used as a spring, it is im-
portant clinically, especially since yield strength and ulti-
mate strength differ much more for the newer titanium al-
loys than for steel wires. Strength is measured in stress
units (gm/cm2 ).

Stiffness and springiness are reciprocal properties:

Springiness = 1/Stiffness

Each is proportional to the slope of the elastic portion
of the force-deflection curve (see Figure 10-2). The more
horizontal the slope, the springier the wire; the more
vertical the slope, the stiffer the wire.

Range is defined as the distance that the wire will bend
elastically before permanent deformation occurs. This
distance is measured in millimeters (or other length units)
(see Figure 10-2). If the wire is deflected beyond its yield
strength, it will not return to its original shape, but clini-
cally useful springback will occur unless the failure point is
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reached. This springback is measured along the horizontal
axis as shown in Figure 10-2. In many clinical situations,
orthodontic wires are deformed beyond their elastic limit.
Their springback properties in the portion of the load-
deflection curve between the elastic limit and the ultimate
strength, therefore, are important in determining clinical
performance.

These three major properties have an important rela-
tionship:

Strength = Stiffness x Range

Two other characteristics of some clinical importance
also can be illustrated with a stress-strain diagram: re-
silience and formability (Figure 10-4). Resilience is the area
under the stress-strain curve out to the proportional limit.
It represents the energy storage capacity of the wire, which
is a combination of strength and springiness. Formability is
the amount of permanent deformation that a wire can with-
stand before failing. It represents the amount of permanent
bending the wire will tolerate (while being formed into a
clinically useful spring, for instance) before it breaks.

The properties of an ideal wire material for orthodon-
tic purposes can be described largely in terms of these cri-
teria: it should possess (1) high strength, (2) low stiffness (in
most applications), (3) high range, and (4) high formability.
In addition, the material should be weldable or solderable,
so that hooks or stops can be attached to the wire. It should
also be reasonable in cost. In contemporary practice, no
one arch wire material meets all these requirements, and
the best results are obtained by using specific arch wire
materials for specific purposes.

In the United States, orthodontic appliance dimen-
sions, including wire sizes, are specified in thousandths of
an inch. For simplicity in this text, they are given in mils
(i.e., .016 inch = 16 mils). In Europe and many other areas
of the world, appliance dimensions are specified in mil-
limeters. For the range of orthodontic sizes, a close
approximation of sizes in millimeters can be obtained by

FIGURE 10-4

	

Resilience and formability are defined as an
area under the stress-strain curve and a distance along the X-axis
respectively, as shown here. Because the plastic deformation that
makes a material formable also may be thought of as cold work,
formability alternatively can be interpreted as the area under that
part of the stress-strain curve.

dividing the dimensions in mils by 4 and placing a decimal
point in front (i.e., 16 mils = 0.4 mm).

Orthodontic Arch wire Materials
Precious Metal Alloys.

	

Before the 1950s, precious
metal alloys were used routinely for orthodontic purposes,
primarily because nothing else would tolerate intraoral
conditions. Gold itself is too soft for nearly all dental
purposes, but alloys (which often included platinum and
palladium along with gold and copper) could be useful or-
thodontically. The introduction of stainless steel made pre-
cious metal alloys obsolete for orthodontic purposes before
the price increases of the 1970s also made them prohibi-
tively expensive. Only the Crozat appliance is still occa-
sionally made from gold, following the original design of
the early 1900s (see Chapter 11).

Stainless Steel and Cobalt-Chromium Alloys.
Stainless steel, or on a cobalt-chromium alloy (Elgiloy;
Rocky Mountain Co.) with similar properties, replaced
precious metal in orthodontics because of considerably
better strength and springiness with equivalent corrosion
resistance. Stainless steel's rust resistance results from a rel-
atively high chromium content. A typical formulation for
orthodontic use has 18% chromium and 8% nickel (thus
the material is often referred to as an 18-8 stainless steel).

The properties of these steel wires can be controlled
over a reasonably wide range by varying the amount of cold
working and annealing during manufacture. Steel is soft
ened by annealing and hardened by cold working. Fully an-
nealed stainless steel wires are soft and highly formable.
The ligatures used to tie orthodontic arch wires into brack-
ets on the teeth are made from such "dead soft" wire. Steel
arch wire materials are offered in a range of partially an-
nealed states, in which yield strength is progressively en-
hanced at the cost of formability. The steel wires with the
most impressive yield strength ("super" grades) are almost
brittle and will break if bent sharply. The "regular" grade
of orthodontic steel wire can be bent to almost any desired
shape without breaking. If sharp bends are not needed, the
super wires can be useful, but it is difficult to show im-
proved clinical performance that justifies either their
higher cost or limited formability. )

Elgiloy, the cobalt-chromium alloy, has the advantage
that it can be supplied in a softer and therefore more
formable state, and then can be hardened by heat treatment
after being shaped. The heat treatment increases strength
significantly. After heat treatment, the softest Elgiloy be-
comes equivalent to regular stainless steel, while harder ini-
tial grades are equivalent to the "super" steels.

Nickel-Titanium (NiTi) Alloys.

	

The first of the tita-
nium alloys introduced into orthodontics in recent years, a
nickel-titanium alloy marketed as Nitinol (Unitek Corp.),
was developed for the space program (Ni, nickel; Ti, tita-
nium; NOL, Naval Ordnance Laboratory) but has proved
very useful in clinical orthodontics because of its excep-
tional springiness. In this book, the term NiTi is used sub-
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sequently to refer to the family of nickel-titanium wire ma-
terials (nitinol, with the word not capitalized, also is used in
this way in some other publications). Reference to a specific
material is by its trademark (capitalized) name.

NiTi alloys have two remarkable properties that are
unique in dentistry-shape memory and superelasticity.
Like stainless steel and many other metal alloys, NiTi can
exist in more than one form or crystal structure. The
martensite form exists at lower temperatures, the austenite
form at higher temperatures. For steel and almost all other
metals, the phase change occurs at a transition temperature
of hundreds of degrees. Both shape memory and superelas-
ticity are related to phase transitions within the NiTi alloy
between the martensitic and austenitic forms that occur at
a relatively low transition temperature.

Shape memory refers to the ability of the material to
"remember" its original shape after being plastically de-
formed while in the martensitic form. In a typical applica
tion, a certain shape is set while the alloy is maintained at
an elevated temperature, above the martensite-austenite
transition temperature. When the alloy is cooled below the
transition temperature, it can be plastically deformed, but

TABLE 10-1

	

Comparative Properties of Orthodontic Wires

when it is heated again the original shape is restored. This
property, called thermoelasticity, was important to the orig-
inal nitinol's use in the space program but proved difficult
to exploit in orthodontic applications.

After considerable experimentation, Nitinol was mar-
keted in the late 1970s for orthodontic use in a stabilized
martensitic form, with no application of phase transition
effects (although efforts to take advantage of shape mem-
ory continued). As provided for orthodontic use, Nitinol is
exceptionally springy and quite strong but has poor forma-
bility (Table 10-1). Other martensitic alloys marketed later
(Titanal, Lancer Pacific; Orthonol, Rocky Mountain) have
similar strength and springiness to Nitinol but better
formability. In the following discussion, the family of stabi-
lized martensitic alloys now commercially available are re-
ferred to as M-NiTi.

In the late 1980s, new nickel-titanium wires with an ac-
tive austenitic grain structure appeared. These wires exhibit
the other remarkable property of NiTi alloys-superelas
ticity-which is manifested by very large reversible strains
and a non-elastic stress-strain or force-deflection curve.
Burstone et al reported that such a NiTi alloy developed in
China has the type of force-deflection curve shown in Fig-
ure 10-5. 2 Miura et al have described similar properties in
austenitic NiTi (Sentinol) prepared in Japan, 3 and presum-
ably equivalent properties are found in other austenitic
wires now marketed (Ni-Ti and Cu-NiTi, Ormco/Sybron;
Nitinol-SE, Unitek; and several others). This group subse-
quently is referred to as A-NiTi. Note in Figure 10-5 that
over a considerable range of deflection, the force produced
by A-NiTi hardly varies. This means that an initial arch
wire would exert about the same force whether it were
deflected a relatively small or a large distance, which is a
unique and extremely desirable characteristic.

The unique force-deflection curve for A-NiTi wire
occurs because of a phase transition in grain structure from
austenite to martensite, in response not to a temperature

FIGURE 10-5

	

Bending moment vs. deflection plotted for 16
mil orthodontic wires (black, stainless steel; dashed red, stabilized
martensitic NiTi [M-NiTi]; red, austenitic NiTi [A-NiTi]). Note
that after an initial force level is reached, A-NiTi has a consider-
ably flatter load-deflection curve and greater springback than
M-NiTi, which in turn has much more springback than steel.
(From Burstone CJ et al: Am f Orthod 87:445-452, 1985.)
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change but to applied force. The transformation is a me-
chanical analogue to the thermally-induced shape memory
effect. In other words, the austenitic alloy undergoes a tran-
sition in internal structure in response to stress, without re-
quiring a significant temperature change (which is possible
because for these materials, the transition temperature is
very close to room temperature). Some currently-marketed
wires are almost dead soft at room temperature, and become
elastic at mouth temperatures, which can make them easier
to place initially but the exceptional range that goes with
superelasticity is obtainable only if a stress-induced trans-
formation also occurs. This stress-induced martensitic trans-
formation manifests itself in the almost flat section of the
load-deflection curve. For a change, superelasticity is not
just an advertising term (Figure 10-6).

Part of the unusual nature of a superelastic material
like A-NiTi is that its unloading curve differs from its load-
ing curve (i.e., the reversibility has an energy loss associated
with it [hysteresis]) (Figure 10-7). This means the force

FIGURE 10-6

	

A stress-strain curve illustrating superelasticity
due to the stress-induced transformation from the austenitic to
the martensitic phase, as in A-NiTi. Section A-B represents
purely elastic deformation of the austenitic phase (note in Figure
10-5 that in this phase A-NiTi is stiffer than M-NiTi). The stress
corresponding to point B is the minimum stress at which trans-
formation to the martensitic phase starts to occur. At point C, the
transformation is completed. The difference between the slopes
ofA-B and B-C indicates the ease with which transformation oc-
curs. After the transformation is completed, the martensitic struc-
ture deforms elastically, represented by section C-D (but ortho-
dontic arch wires are almost never stressed into this region, and
this part of the graph usually is not seen in illustrations of the re-
sponse of orthodontic archwires). At point D the yield stress of
the martensitic phase is reached, and the material deforms plasti-
cally until failure occurs at F.. If the stress is released before reach-
ing point D (as at point C 1 in the diagram), elastic unloading of
the martensitic structure occurs along the line C 1-F. Point F indi-
cates the maximum stress on which the stress-induced martensitic
structure on unloading can exist, and at that point the reverse
transformation to austenite begins, continuing to point G, where
the austenitic structure is completely restored. G-H represents
the elastic unloading of the austenite phase. A small portion of the
total strain may not be recovered because of irreversible changes
during loading or unloading.

that it delivers is not the same as the force applied to acti-
vate it. The different loading and unloading curves produce
the even more remarkable effect that the force delivered by
an A-NiTi wire can be changed during clinical use merely
by releasing and retying it (Figure 10-8).

For the orthodontist, wire bending in the classic sense
is all but impossible with A-NiTi wires because they do not
undergo plastic deformation until remarkably high force is
applied (see Figure 10-6). The wires can be shaped and
their properties can be altered, however, by heat-treatment.
This can be done in the orthodontic office by passing an
electric current between electrodes attached to the wire or
a segment of it. 4 Miura et al have shown that it is possible
to reposition the teeth on a dental cast to the desired post-
treatment occlusion, bond brackets to the setup, force an
A-NiTi wire into the brackets, and then heat-treat the wire
so that it "memorizes" its shape with the teeth in the de-
sired positions The wire then incorporates all of what
would otherwise be the "finishing bends" usually required
in the last stages of treatment. In theory at least, this allows
certain types of treatment to be accomplished with a single
wire, progressively bringing the teeth toward their prede-
termined position. The concept is exactly the same as Ed-
ward Angle's original approach to arch expansion, which
implies that the same limitations would be encountered.

The properties of A-NiTi have quickly made it the
preferred material for orthodontic applications in which a
long range of activation with relatively constant force is
needed (i.e., for initial arch wires and coil springs). M-NiTi
remains useful, primarily in the later stages of treatment
when flexible but larger and somewhat stiffer wires are
needed. At this point, small round nickel-titanium wires
usually should be A-NiTi, while larger rectangular ones
often perform better if made from M-NiTi.

Clinicians should not take it for granted that wires
advertised as being superelastic all perform the same. Re-

FIGURE 10-7 Activation (solid) and deactivation (dashed)
curves for A-NiTi wire. Note that the unloading curves change at
different activations (i.e., the unloading stiffness is affected by the
degree ofactivation). In contrast, the unloading stiffness for steel,
beta-Ti, and M-NiTi wires is the same for all activations. (From
Burstone CJ et al: Am f Orthod 87:445-452, 1985.)
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search data have shown remarkable differences in the
force-deflection curves and the force delivered by ostensi-
bly similar wires from different manufacturers (Figure 10-
9). 6 Data for performance under controlled conditions, not
testimonials from prominent clinicians, should be the basis
for choosing a specific wire.

Beta Titanium.

	

In the early 1980s, after Nitinol but
before A-NiTi, a quite different titanium alloy, beta-
titanium, was introduced into orthodontics. This beta-Ti
material (TMA, Ormco/Sybron [the name is an acronym
for titanium-molybdenum alloy]), was developed primarily
for orthodontic use. It offers a highly desirable combina-
tion of strength and springiness (i.e., excellent resilience),
as well as reasonably good formability. This makes it an ex-
cellent choice for auxiliary springs and for intermediate and
finishing arch wires, especially rectangular wires for the
late stages of edgewise treatment. As Table 10-1 shows, in
many ways its properties are intermediate between stainless
steel and M-NiTi.

Composite Plastics.

	

Additional progress in ortho-
dontic elastic materials can be anticipated in the early 21st
century. The new orthodontic materials of recent years
have been adapted from those used in aerospace technol-
ogy. The high-performance aircraft of the 1970s and
1980s were titanium-based, but their replacements are
built of composite plastics, and there is every reason to be-
lieve that orthodontic "wires" of this type will move into
clinical use in the future. It is already possible to produce
fibers with better strength and springiness than non-
superelastic wires, and the recently patented process of
pultrusion allows both round and rectangular fibers to be
produced. The properties of the plastic materials can be
manipulated to such an extent that another potential prod-
uct is a ligature that would adapt around a wire and bracket
so that it produced no additional force. This would be

FIGURE 10-8

	

Activation (to 80 degrees) and reactivation (to
40 degrees) curves for austenitic NiTi wire. In each case, the load-
ing curve is solid and the unloading curve dashed. The unloading
curve indicates the force that would be delivered to a tooth. Note
that the amount of force exerted by a piece of A-NiTi wire that
had previously been activated to 80 degrees could be considerably
increased by untying it from a bracket and then retying it-again,
a unique property of this alloy. (From Burstone CJ et al: Am
Orthod 87:445-452, 1985.)

highly advantageous in reducing friction (see below). An
additional advantage is that the plastic fibers can be tooth-
colored, and so they should have an esthetic advantage as
well as a performance advantage. Like the advanced metal
wires, their shape is very difficult to change once the man-
ufacturing process is completed, which leads to a number
of practical problems for clinical application. It was more
than a decade before the first NiTi wires went from clini-
cal curiosity to regular use, and a similar time period may
be needed to bring the composite plastics into routine
clinical orthodontics.

Comparison of Contemporary Arch wires
As we have noted previously, stainless steel, beta-Ti and
NiTi arch wires all have an important place in contempo-
rary orthodontic practice. Their comparative properties
explain why specific wires are preferred for specific clini-
cal applications (see Chapters 16 through 18). Hooke's
law, which defines the elastic behavior of materials, ap-
plies to all orthodontic wires except superelastic A-NiTi.
For everything else, a useful method for comparing two
arch wires of various materials, sizes and dimensions is the

FIGURE 10-9 Force-deflection curves for commercially-
available NiTi wires. RMO's Orthonol and Lancer's Titanal are
martensitic, so the elastic rather than superelastic curves are
expected. Note that the GAC Sentalloy wires show classic
superelastic curves and low force values, while the other A-NiTi
wires demonstrate partial to almost no superelasticity and force
values that would be higher than optimal. In the absence of data,
advertising claims for orthodontic wires must be viewed with
considerable suspicion. Unlike other medical devices, no proof
of performance is required before an orthodontic wire can be
marketed. (From Thayer et al: Am f Orthod Dentofac Orthop
107:604-612, 1995).
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use of ratios of the major properties (strength, stiffness,
and range):

Strength A/Strength B = Strength ratio
Stiffness A/Stiffness B = Stiffness ratio

Range A/Range B = Range ratio

These ratios have been calculated for many different
wires by Kusy, 8 and the data presented here are taken from
his work.

Three points must be kept in mind when these ratios
are compared:

1. The ratios are functions of both physical properties
and geometric factors, hence the importance of
specifying both in the comparison. Geometric fac-
tors relate to both the size of the wire and its shape,
whether it is round, rectangular, or square. These
are discussed in more detail later in this chapter.

2. Bending describes round wires reasonably com-
pletely in orthodontic applications, but both bend-
ing and torsional stresses are encountered when
rectangular wires are placed into rectangular at-
tachments on teeth. The fundamental relationships
for torsion are analogous to those in bending but
are not the same. Appropriate use of the equations
for torsion, however, allows torsion ratios to be
computed in the same way as bending ratios.

3. The ratios apply to the linear portion of the load-
deflection curve and thus do not accurately describe
the behavior of wires that are stressed beyond their
elastic limit but still have useful springback. This is
an increasingly significant limitation as considera-
tion passes from steel or chromium-cobalt to beta-
Ti to M-NiTi. The nonlinear response of A-NiTi
makes calculation of ratios for it all but impossible.
Nevertheless, the ratios offer an initial understand-
ing of the properties of traditional steel wires as
compared with the newer titanium alloys, and they
can be quite helpful in appreciating the effects of
changing wire geometry.

In the beginning, tabulated comparative data are easi-
est to understand. Note in Tables 10-2 and 10-3 the com-
parative properties of 16, 18, and 19 X 2 5 mil wires in stain
less steel (or chromium-cobalt), M-NiTi, and beta-Ti. In
each case, the steel wire has been given an arbitrary value
of 1. Note that the titanium wires in each case provide a
gain in springiness and range that is greater than the loss in
strength.

From Table 10-2, it can be seen that:
I. The strength of 16 and 18 M-NiTi and beta-Ti

wires are the same: both are 60% as strong as steel.
2. Stiffness of the small round titanium wires is also

similar, less than one-third that of steel.
3. TMA has nearly twice the range of steel, and M-

NiTi has twice the range of TMA and nearly four
times the range of steel. The A-NiTi alloys quickly
move into the nonlinear portion of the force-

TABLE 10-3

	

Elastic Property Ratios: 19X 25 Wire in Bending
(B) and Torsion (T)

deflection curve and so in the strict definition of the
term do not have much range, but as Figure 10-5
shows, they have tremendous springback and be-
have clinically as if they have very large range.

Table 10-3 shows that properties of rectangular wire in
bending and torsion are quite different. Note that at this
common wire size, both beta-Ti and M-NiTi have greater
springiness and range than steel. M-NiTi in torsion must
bend more than twice as far as TMA to deliver the same
load (because of its great springiness), and thus is at a dis-
advantage when small precise adjustments are needed. A-
NiTi would be at an even greater disadvantage in this ap-
plication. Beta-Ti or steel (depending on wire size) would
be a better choice for making final adjustments in tooth
inclination (torque).

Table 10-4 shows wires of equivalent stiffness, with 16
mil stainless steel as the index value. Table 10-5 illustrates
a sequence of rectangular wires that are increasingly stiff in
torsion. The application of this information to the selec-
tion of arch wires at various stages of fixed appliance treat-
ment is covered in detail in Chapters 16 to 18.

A more graphic and efficient method for comparing
different wire materials and sizes (within the limitations de-
scribed above) is the use of nomograms-fixed charts that
display mathematical relationships via appropriately ad-
justed scales. In the preparation of a nomogram, a reference
wire is given a value of 1, and many other wires can then be
located appropriately in reference to it. Nomograms devel-
oped by Kusy to provide generalized comparisons of stain-
less steel, M-NiTi, and beta-Ti in bending and torsion are
shown in Figures 10-10 and 10-11. 9 Note that because the
nomograms of each set are all drawn to the same base, any

TABLE 10-2

	

Elastic Property Ratios: 16 and 18 mil
Wire in Bending
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FIGURE 10-10

	

Bending nomograms for stainless steel, M-NiTi (Nitinol), and beta-titanium (TMA)
wires. The index for all three nomograms, with an assigned value of 1, is 12 mil steel, so all values on the
three nomograms are comparable. (From Kusy RP: Am f Orthod 83:374-381, 1983.)

TABLE 10-5

	

A Sequence of Increasingly Stiff Wires in TorsionTABLE 10-4

	

Wires of Equivalent Stiffness-Bending
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wire on any one of the three nomograms can be compared

	

manently distorted if twisted into a bracket; the range value
with any other wire.

	

for 21 X 2 5 beta-Ti is 0.7, while the same size M-NiTi has
The nomograms are particularly helpful in allowing

	

a range value of 1.9, so the NiTi could be twisted nearly
one to assess at a glance a whole set of relationships that

	

three times as far. The nomograms contain the information
would require pages of tables. For example, using Figure

	

to allow a similar comparison of any one of the wire sizes
10-11 to compare 21 X 25 M-NiTi to 21 X 25 beta-Ti in

	

listed to any other wire shown on the chart, in bending (see
torsion (the appropriate comparison if the wires would be

	

Figure 10-10) or torsion (see Figure 10-11).
used to produce a torquing movement of the root of a
tooth): 21 X 25 beta-Ti has a stiffness value of 6, while 21

	

Effects of Size and Shape on Elastic Properties
X 25 M-NiTi has a value of 3, so the beta-Ti would deliver

	

Each of the major elastic properties-strength, stiffness,
twice the force at a given deflection; the strength value for

	

and range-is substantially affected by a change in the
21 X 25 beta-Ti wire is 4, while the value for this size M-

	

geometry of a beam. Both the cross-section (whether the
NiTi wire is 6, so the NiTi wire is less likely to become per-

	

beam is circular, rectangular, or square) and the length of a

FIGURE 10-11

	

Torsion nomograms for stainless steel, M-NiTi (Nitinol), and beta-titanium (TMA)
wires. For all three nomograms, the index wire is the same, making all values comparable. (From Kusy
RP: Am f Orthod 83:374-381, 1983.)
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beam are of great significance in determining its properties.
Changes related to size and shape are independent of the
material. In other words, decreasing the diameter of a steel
beam by 50% would reduce its strength to a specific per-
centage of what it had been previously (the exact reduction
would depend on how the beam was supported, as we dis-
cuss below). Decreasing the diameter of a TMA beam by
50% would reduce its strength by exactly the same per-
centage. But keep in mind that the performance of a beam,
whether beneath a highway bridge or between two teeth in
an orthodontic appliance, is determined by the combina-
tion of material properties and geometric factors.

Effects of Diameter or Cross-section.

	

Let us begin
by considering a cantilever beam, supported on only one
end. In orthodontic applications, this is the type of spring
often used in removable appliances, in which a wire extends
from the plastic body of the removable appliance as a fin-
gerspring. When a round wire is used as a fingerspring,
doubling the diameter of the wire increases its strength
eight times (i.e., the larger wire can resist eight times as
much force before permanently deforming, or can deliver
eight times as much force). Doubling the diameter, how-
ever, decreases springiness by a factor of 16 and decreases
range by a factor of two.

More generally, for a round cantilever beam, the
strength of the beam changes as the third power of the ra-
tio of the larger to the smaller beam; springiness changes as
the fourth power of the ratio of the smaller to the larger;
and range changes directly as the ratio of the smaller to the
larger (Figure 10-12).

The situation is somewhat more complex for a beam
supported on both ends, as is the case for a segment of arch
wire between two teeth. Supporting both ends makes the

FIGURE 10-12

	

Changing the diameter of abeam, no matter
how it is supported, greatly affects its properties. As the figures
below the drawing indicate, doubling the diameter of a cantilever
beam makes it 8 times as strong, but it is then only 1/1b as springy
and has half the range. More generally, when beams of any type
made from two sizes of wire are compared, strength changes as a
cubic function of the ratio of the two cross-sections; springiness
changes as the fourth power of the ratios; range changes as a di-
rect proportion (but the precise ratios are different from those for
cantilever beams).

beam stronger and less flexible, particularly if the ends are
tightly anchored as opposed to being free to slide. If a rec-
tangular beam is evaluated, its dimension in the direction
of bending is the primary determinant of its properties.
The principle with any supported beam, however, is the
same as with a cantilever beam: as the beam size increases,
strength increases as a cubic function, while springiness de-
creases as a fourth power function and range decreases pro-
portionately, not exponentially.

Although round beams can be placed in torsion in en-
gineering applications, torsion is of practical importance in
orthodontics only for rectangular wires that can be twisted
into rectangular slots. In torsion, the analytic approach is
basically similar to that in bending, but shear stress rather
than bending stress is encountered, and the appropriate
equations are all different. The overall effect is the same,
however: decreasing the size of a wire decreases its strength
in torsion while increasing its springiness and range, just as
in bending.

As the diameter of a wire decreases, its strength de-
creases so rapidly that a point is reached at which the
strength is no longer adequate for orthodontic purposes. As
the diameter increases, its stiffness increases so rapidly that
a point is reached at which the wire is simply too stiff to be
useful. These upper and lower limits establish the wire sizes
useful in orthodontics. The phenomenon is the same for
any material, but the useful sizes vary considerably from
one material to another. As Table 10-6 indicates, useful
steel wires are considerably smaller than the gold wires
they replaced. The titanium wires are much springier than
steel wires of equal sizes, but not as strong. Their useful
sizes therefore are larger than steel and quite close to the
sizes for gold.

Effects of Length and Attachment.

	

Changing the
length of a beam, whatever its size or the material from
which it is made, also dramatically affects its properties
(Figure 10-13). If the length of a cantilever beam is dou-
bled, its bending strength is cut in half, but its springiness
increases eight times and its range four times. More gen-
erally, when the length of a cantilever beam increases, its
strength decreases proportionately, while its springiness
increases as the cubic function of the ratio of the length
and its range increases as the square of the ratio of the
length. Length changes affect torsion quite differently
from bending: springiness and range in torsion increase
proportionally with length, while torsional strength is not
affected by length.

Changing from a cantilever to a supported beam,
though it complicates the mathematics, does not affect the
big picture: as beam length increases, there are propor
tional decreases in strength but exponential increases in
springiness and range.

The way in which a beam is attached also affects its
properties. An arch wire can be tied tightly or loosely, and
the point of loading can be any point along the span. As
Figure 10-12 shows, a supported beam like an arch wire is



FIGURE 10-13

	

Changing either the length of abeam or the way in which it is attached dra-
matically affects its properties. Doubling the length o£ a cantilever beam cuts its strength in half,
but makes it 8 times as springy and gives it 4 times the range. More generally, strength varies
inversely with length, whereas springiness varies as a cubic function of the length ratios, and
range as a second power function. Supporting a beam on both ends makes it much stronger but
also much less springy than supporting it on only one end. Note that if a beam is rigidly at-
tached on both ends, it is twice as strong but only one fourth as springy as a beam of the same
material and length that can slide over the abutments. For this reason, the elastic properties of
an orthodontic arch wire are affected by whether it is tied tightly or held loosely in a bracket.

four times as springy if it can slide over the abutments (in
clinical use, through a bracket into which it is loosely tied)
rather than if the beam is firmly attached (tied tightly).
With multiple attachments, as with an arch wire tied to
several teeth, the gain in springiness from loose ties of an
initial arch wire is less dramatic but still significant. 10

Controlling Orthodontic Force by Varying Materi-
als and Size-Shape. Obtaining enough orthodontic
force is never a problem. The difficulty is in obtaining light
but sustained force. A spring or arch wire strong enough to
resist permanent deformation may be too stiff, which cre-
ates two problems: the force is likely to be too heavy ini-
tially and then decay rapidly when the tooth begins to
move. A wire with excellent springiness and range may
nevertheless fail to provide a sustained force if it distorts
from inadequate strength the first time the patient has
lunch. The best balance of strength, springiness, and range
must be sought among the almost innumerable possible
combinations of beam materials, diameters, and lengths.

The first consideration in spring design is adequate
strength: the wire size selected must not deform perma-
nently in use. As a general rule, fingersprings for removable
appliances are best constructed using steel wire. Great ad-
vantage can be taken of the fact that fingersprings behave
like cantilever beams: springiness increases as a cubic func-
tion of the increase in length of the beam, while strength
decreases only in direct proportion. Thus a relatively large
wire, selected for its strength, can be given the desired
spring qualities by increasing its length.

In practice, this lengthening often means doubling the
wire back on itself or winding a helix into it to gain length
while keeping the spring within a confined intraoral area
(Figure 10-14). The same technique can be used with arch
wires, of course; the effective length of a beam is measured
along the wire from one support to the other, and this does
not have to be in a straight line (Figure 10-15). Bending
loops in arch wires can be a time-consuming chairside
procedure, which is the major disadvantage.

TABLE 10-6

	

Useful Wire Sizes in Various Materials (Dimensions in mils)
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FIGURE 10-14

	

A and B, A removable appliance incorporating cantilever springs
to reposition an upper molar and upper first premolar. Note that a helix has been bent
into the base of the cantilever springs, effectively increasing their length to obtain more
desirable mechanical properties.

FIGURE 10-15

	

A, Improved springiness and range with steel arch wires can be obtained by
either of two strategies: bending loops into the arch wire, as shown in the lower arch here, to in-
crease the length of the beam segments between adjacent teeth; or using multiple strands of small
diameter wires, as shown in the upper arch. B, The exceptional range and flat force-deflection
curve of modern superelastic A-NiTi arcbwires makes it possible to use a single strand of 14 or
16 mil wire for initial alignment.

Another way to obtain a better combination of springi-
ness and strength is to combine two or more strands of a
small, and therefore springy, wire. Two 10 mil steel wires in
tandem, for instance, could withstand twice the load as a
single strand before permanently deforming, but if each
strand could bend without being restrained by the other,
springiness would not be affected. The genesis of the "twin
wire" appliance system (see Chapter 12) was just this ob-
servation, that a pair of 10 mil steel wires offered excellent
springiness and range for aligning teeth, and that two wires
gave adequate strength although one did not. More re-
cently, three or more strands of smaller steel wires, twisted
into a cable, have come into common use (see Figure 10-
15). The properties of the multistrand wire depend both on
the characteristics of the individual wire strands and on
how tightly they have been woven together. Current mul-
tistrand wires offer an impressive combination of strength
and spring qualities.

The exceptional springiness of A-NiTi makes it a par-
ticularly attractive alternative to steel wires in the initial

phases of treatment when the teeth are severely malaligned.
A continuous NiTi arch wire of either type will have better
properties than multistrand steel wires and properties sim-
ilar to a steel arch wire with loops. TMA, as an intermedi-
ate between NiTi and steel, is less useful than either in the
first stage of full-appliance treatment. Its excellent overall
properties, however, make it quite useful in the later stages
of treatment. It is possible, and frequently desirable, to
carry out orthodontic treatment with a series of wires of
approximately the same size, using a sequence from NiTi
to TMA to steel. Arch wire selection in varying circum-
stances is discussed in more detail later in this chapter and
in Chapters 16 through 18.

Rubber and Plastic Sources of Elastic Force
From the beginning, rubber bands were used in orthodon-
tics to transmit force from the upper arch to the lower.
Rubber has the particularly valuable quality of a great elas-
tic range, so that the extreme stretching produced when a
patient opens the mouth while wearing rubber bands can
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be tolerated without destroying the appliance. Rubber
bands are also easier for a patient to remove and replace
than, for instance, a heavy coil spring would be. More re-
cently, rubber and plastic elastomers also have been used to
close spaces within the arches.

From a materials point of view, the greatest problem
with all types of rubber is that they absorb water and dete-
riorate under intraoral conditions." Gum rubber, which is
used to make the rubber bands commonly used in house-
holds and offices, begins to deteriorate in the mouth within
a couple of hours, and much of its elasticity is lost in 12 to
24 hours. Although orthodontic elastics once were made
from this material, they have been largely superseded by
latex elastics, which have a useful performance life 4 to 6
times as long. In contemporary orthodontics, only latex
rubber elastics should be used.

Elastomeric plastics developed in the 1960s became
available for orthodontic purposes during the 1970s and are
marketed under a variety of trade names. Small elastomeric
modules replace wire ligature ties to hold archwires in the
brackets in many applications (Figure 10-16), and also can
be used to apply a force to close spaces within the arches.
Like rubber, however, these elastomers tend to deteriorate
in elastic performance after a relatively short period in the
mouth. 12 This feature does not prevent them from per-
forming quite well in holding arch wires in place, nor does
it contraindicate their use to close small spaces. It simply
must be kept in mind that when elastomers are used, the
forces decay rapidly, and so can be characterized better as
interrupted rather than continuous. Although larger spaces
within the dental arch can be closed by sliding teeth with
rubber bands or elastomeric chains, the same tooth move-
ment can be done much more efficiently with A-NiTi
springs that provide a nearly constant force over quite a
large range.

Magnets as a Source of Orthodontic Force
Magnets in attraction or repulsion could generate forces
of the magnitude needed to move teeth and would have
the advantage of providing predictable force levels without
direct contact or friction. Until rare earth magnets were
developed in the 1980s, magnetic devices with enough
force at reasonable separation distances were simply too
bulky for orthodontic purposes. In recent years, with
smaller and more powerful magnets available, there has
been considerable interest in the possibility of using mag-
netic force in orthodontics.

The two key questions with magnets as a source of
force are their biological implications and their clinical
effectiveness. 13 Although the rare earth materials are po
tentially toxic, magnets must be in sealed cases when used
intraorally to prevent corrosion, and direct cytotoxic ef-
fects have not been observed. Indirect effects of the mag-
netic fields on cellular activity are possible and could be
helpful or harmful. There is some evidence from animal

FIGURE 10-16

	

Elastomeric module used to hold an arch wire
in a bracket.

experiments that static as well as pulsed magnetic fields
increase the rate of bone formation and can accelerate the
rate of tooth movement. 14 In other experiments, with
magnets in close contact with skin and bone surfaces, a re-
duction in the number of epithelial cells and resorption of
the cortical bone surface was reported." With the small
magnets used to generate orthodontic force, it appears
that safety is not a problem. On the other hand, the weak
magnetic fields they produce are quite different from
those that have been shown to affect bone formation, so
indirect effects on bone remodeling and tooth movement
are doubtful.

There is no doubt that magnets can be clinically ef-
fective. They produce appropriate force for orthodontic
tooth movement, and can be arranged to open or close
spaces within the dental arches, simulate the effect of
Class 11 or III elastics, or change jaw posture (Figure 10-
17). A particularly attractive potential application is bring-
ing impacted teeth into the arch, because if a magnet were
attached to an impacted tooth when it was exposed, it
would not be necessary to maintain a physical connection.
There are two major problems with magnets for general
orthodontic use. First, even the smallest magnets still are
quite bulky compared with, for instance, a NiTi spring.
Second, the force follows the inverse square law (i.e., the
force changes as the square of the distance between the
magnets). Force decay (or increase) as teeth move can be
a problem if the magnets were close together initially.

The extent to which magnets will be used in the fu-
ture in orthodontics almost surely will be a function of
their biologic effects. If magnets are just another source of
force, they are likely to be used only for special applica-
tions where their relative bulkiness and force characteris-
tics are not a problem. But it turns out that even small
magnetic fields change the biologic response in a favor-
able way, magnets could become an important part of
orthodontic treatment.



CHAPTER 10

	

Mechanical Principles in Orthodontic Force Control

	

339

FIGURE 10-17

	

Magnets can be used successfully to produce either tooth movement of
almost any type or jaw position changes that lead to growth effects. A,B, Magnets bonded
to individual teeth as used for space closure; C,D, Use of an attractive magnet for extru-
sion of a damaged premolar; E-G, Use of magnets in a functional appliance, here arranged
to exert an intrusive force posteriorly and an attractive force anteriorly, to close an anterior
open bite and produce upward-forward rotation of the mandible. (Courtesy Dr. M.A.
Darendeliler.)
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DESIGN FACTORS IN ORTHODONTIC
APPLIANCES

Two Point Contact and Control
of Root Position

Definition of Terms. Before beginning to discuss
control of root position, it is necessary to understand some
basic physical terms that must be used in the discussion:

• Force-a load applied to an object that will tend to
move it to a different position in space. Force,
though rigidly defined in units of Newtons (mass
times the acceleration of gravity), is usually mea-
sured in weight units of grams or ounces.

• Center of resistance-a point at which resistance to
movement can be concentrated for mathematical
analysis. For an object in free space, the center of re-
sistance is the same as the center of mass. If the ob-
ject is partially restrained, as is the case for a fence
post extending into the earth or a tooth root embed-
ded in bone, the center of resistance will be deter-
mined by the nature of the external constraints. The
center of resistance for a tooth is at the approximate
midpoint of the embedded portion of the root (i.e.,
about halfway between the root apex and the crest of
the alveolar bone) (Figure 10-18).

• Moment-a force acting at a distance. A moment is
defined as the product of the force times the per-
pendicular distance from the point of force applica-
tion to the center of resistance, and thus is measured
in units of gm-mm (or equivalent). If the line of ac-
tion of an applied force does not pass through the
center of resistance, a moment is necessarily created.
Not only will the force tend to translate the object,
moving it to a different position, it also will tend to
rotate the object around the center of resistance.

FIGURE 10-18

	

The center of resistance (C R) for any tooth is
at the approximate midpoint of the embedded portion of the root.
If a single force is applied to the crown of a tooth, the tooth will
not only translate but also rotate around CR (i.e., the center of ro-
tation and center of resistance are identical), because a moment is
created by applying a force at a distance from C R. The perpen-
dicular distance from the point of force application to the center
of resistance is the moment arm. Pressure in the periodontal lig-
ament will be greatest at the alveolar crest and opposite the root
apex (see Figure 9-9).

This, of course, is precisely the situation when a
force is applied to the crown of a tooth (see Figure
10-18). Not only is the tooth displaced in the direc-
tion of the force, it also rotates around the center of
resistance-thus the tooth tips as it moves.

• Couple-two forces equal in magnitude and opposite
in direction. The result of applying two forces in this
way is a pure moment, since the translatory effect of
the forces cancels out. A couple will produce pure
rotation, spinning the object around its center of re-
sistance, while the combination of a force and a cou-
ple can change the way an object rotates while it is
being moved (Figure 10-19).

• Center of rotation-the point around which rotation
actually occurs when an object is being moved. If a
force and a couple are applied to an object, the cen-
ter of rotation can be controlled and made to have
any desired location. The application of a force and
a couple to the crown of a tooth, in fact, is the mech-
anism by which bodily movement of a tooth, or even
greater movement of the root than the crown, can be
produced (see Figure 10-19).

Forces, Moments, and Couples in Tooth Move-
ment.

	

Consider the clinical problem posed by a protrud-

FIGURE 10-19

	

A couple, as shown on the left, is defined as
two forces equal in magnitude and opposite in direction. The ap-
plication of a couple produces pure rotation. In clinical applica-
tion, two unequal forces applied to the crown of a tooth to con-
trol root position can be resolved into a couple and a net force to
move the tooth. If a 50 gm force were applied to a point on the
labial surface of an incisor tooth 15 mm from the center of resis-
tance, a 750 gm-mm moment (the moment of the force, or M F)
would be produced, tipping the tooth. To obtain bodily move-
ment, it is necessary to apply a couple, to create a moment (the
moment of the couple, or MC) equal in magnitude and opposite
in direction to the original movement. One way to do this would
be to apply a force of 37.5 gm pushing the incisal edge labially at
a point 22 mm from the center of resistance. This creates a 750
gm-mm moment in the opposite direction, so the force system is
equivalent to a couple with a 12.5 gm net force to move the tooth
lingually. With this force system, the tooth would not tip, but with
so light a net force, there would be only a small amount of move-
ment. To achieve a net 50 gm for effective movement, it would be
necessary to use 200 gm against the labial surface and 150 gm in
the opposite direction against the incisal edge. Controlling forces
of this magnitude without a fixed appliance is difficult.
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ing maxillary central incisor. If a single force of 50 gm is ap-
plied against the crown of this tooth, as might happen with
a spring on a maxillary removable appliance, a force system
will be created that includes a 750 gm-mm moment (see
Figure 10-19). The result will be that the crown will be re-
tracted more than the root apex, which might actually
move slightly in the opposite direction. (Remember that a
force will tend to displace the entire object, despite the fact
that its orientation will change via simultaneous rotation
around the center of resistance.) If it is desired to maintain
the inclination of the tooth while retracting it, it will be
necessary to overcome the moment inadvertently created
when the force was applied to the crown.

One way to decrease the magnitude of the moment is
to apply the force closer to the center of resistance. In or-
thodontics, it is impractical to apply the force directly to
the root, but a similar effect could be achieved by con-
structing a rigid attachment that projected upward from
the crown. Then the force could be applied to the attach-
ment such that its line of action passed near or through the
center of resistance. If the attachment were perfectly rigid,
the effect would be to reduce or eliminate the moment arm
and thereby the tipping (Figure 10-20). Since it is difficult
to make the arms long enough to totally eliminate tipping,
this procedure is only a partial solution at best, and it cre-
ates problems with oral hygiene.

Another way to control or eliminate tipping is to cre-
ate a second moment opposite in direction to the first one.
If a second counterbalancing moment could be created

FIGURE 10-20

	

Attachments extending toward the center of
resistance, seen here as hooks integrated into the brackets, can be
used to shorten the moment arm and thereby decrease the
amount of tipping when elastics or springs are used to slide teeth
mesiodistally along an arch wire. This idea from the 1920s was
reintroduced as part of the early straight-wire appliance. Unfor-
tunately, the longer the hook the more effective it is mechanically
but the greater the chance of oral hygiene problems leading to
gingival irritation and/or decalcification. Other methods for
controlling tipping are more practical.

equal in magnitude to the moment produced by the first
force application, the tooth would remain upright and
move bodily. A moment can be created only by application
of a force at a distance, however, so this would require that
a second force be applied to the crown of the tooth.

In our example of the protruding central incisor, the
tendency for the incisor to tip when it was being retracted
could be controlled by applying a second force to the lin
gual surface of this tooth, perhaps with a spring in a re-
movable appliance pushing outward from the lingual edge
near the incisal edge (see Figure 10-19). As a practical mat-
ter, it can be difficult to maintain removable appliances in
place against the displacing effects of a pair of springs with
heavy activation. The usual orthodontic solution is a fixed
attachment on the tooth, constructed so that forces can be
applied at two points. With round wires, an auxiliary spring
is needed (Figure 10-21). A rectangular arch wire fitting
into a rectangular bracket slot on the tooth is most widely
used because the entire force system can be produced with
a single wire (Figure 10-22).

It should be noted that with this approach, the two
points of contact are the opposite edges of the rectangular
wire. The moment arms of the couple therefore are quite
small, which means that the forces at the bracket necessary
to create a countervailing moment are quite large. If a rec-
tangular arch wire is to be used to retract a central incisor
bodily, the net retraction force should be small, but the
twisting forces on the bracket must be large in order to
generate the moment.

Moment-to-Force Ratios and Control of Root Po-
sition. The previous analysis demonstrates that control
of root position during movement requires both a force to
move the tooth in the desired direction, and a couple to
produce the necessary counterbalancing moment for con-
trol of root position. The heavier the force, the larger the
counterbalancing movement must be to prevent tipping,
and vice-versa. 16

Perhaps the simplest way to determine how a tooth will
move is to consider the ratio between the moment created
when a force is applied to the crown of a tooth (the moment
of the force, or MF), and the counterbalancing moment
generated by a couple within the bracket (the moment of
the couple, or Mc). Then it can be seen (Figure 10-23) that
the following possibilities exist:

MC/MF = 0

	

Pure tipping (tooth rotates
around center of resistance)

0 < MC/MF < 1

	

Controlled tipping (inclination
of tooth changes but the center
of rotation is displaced away
from the center of resistance,
and the root and crown move in
the same direction)

MC/MF = 1

	

Bodily movement (equal
movement of crown and root)

MC/MF > 1

	

Torque (root apex moves further
than crown)
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FIGURE 10-21

	

Auxiliary uprighting springs are used for root positioning with the Begg appliance and its mod-
ifications. A and B, Begg-style uprighting springs (which fit into a vertical slot beneath the bracket) used for root
paralleling at extraction sites with the Combination-Anchorage appliance; C, modified uprighting springs
(Sidewinder springs) that wrap around the bracket, for use with the Tip-Edge appliance; D, auxiliary uprighting
springs and a maxillary auxiliary torquing arch wire, during treatment with the Tip-Edge appliance. (A and B,
Courtesy Dr. WJ Thompson; D, courtesy Dr. P .C. Kesling.)

FIGURE 10-22

	

A rectangular arch wire fitting into a rec-
tangular slot can generate the moment of a couple necessary to
control root position. The wire is twisted (placed into torsion)
as it is put into the bracket slot. The two points of contact are at
the edge of the wire, where it contacts the bracket. The moment
arm therefore is quite small, and forces must be large to gener-
ate the necessary MC . Using the same tooth dimensions indi-
cated in Figure 10-18, a 50 gm net lingual force would generate
a 750 gm-mm moment. To balance it by creating an opposite
750 gm-mm moment within a 0.5 mm bracket, a torsional force
of 1500 gm is required.

FIGURE 10-23

	

The ratio between the moment produced by
the force applied to move a tooth (MF) and the counterbalancing
moment produced by the couple used to control root position
(MC) determines the type of tooth movement. With no M C ,
(MC/MF = 0), the tooth rotates around the center of resistance
(pure tipping). As the moment-to-force ratio increases (0 G
MC/MF G 1), the center of rotation is displaced further and fur-
ther away from the center of resistance, producing what is called
controlled tipping. When M c/MF = 1, the center of rotation is
displaced to infinity and bodily movement (translation) occurs. If
MC/MF > 1, the center of rotation is displaced incisally and the
root apex will move more than the crown, producing root torque.
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The moment of the force is determined by the magni-
tude of the force and the distance from the point of force
application to the center of resistance. For most teeth, this
is 8 to 10 mm, so M F will be 8 to 10 times the force. In other
words, if a 100 gm net force were used to move a tooth, a
balancing moment of 800 to 1000 gm-mm (depending on
root length and alveolar bone support) would be needed to
obtain bodily movement. In the orthodontic literature, the
relationship between the force and the counterbalancing
couple often has been expressed in this way, as the "mo-
ment-to-force" ratio. In those terms, moment-to-force ra-
tios of 1 to 7 would produce controlled tipping, ratios of 8
to 10 (depending on the length of the root) would produce
bodily movement, and ratios greater than 10 would pro-
duce torque. Because the distance from the point of force
application to the center of resistance can and does vary,
moment-to-force ratios must be adjusted if root length,
amount of alveolar bone support or point of force applica-
tion differs from the usual condition. MC/MF ratios more
precisely describe how a tooth will respond.

Remember that when a force is applied to a bracket to
slide it along an arch wire, as often is the case in clinical
orthodontics, the force felt by the tooth will be less than the
force applied to the bracket because of frictional resistance
(see further discussion on p. 344). The net force, after fric-
tional resistance is subtracted, and the moment associated
with the net force, are what is important. In contrast, when
a couple is created within a bracket, friction rarely is a factor.

It is easy to underestimate the magnitude of the forces
needed to create the balancing couple. In the example pre-
sented previously, if a 50 gm net force was used to retract a
central incisor, a 500 gm-mm moment would be needed to
keep it from tipping as the crown moved lingually. To pro-
duce a moment of this magnitude within the confines of an
18 mil (0.45 mm) bracket would require opposite forces of
1100 gm, derived from twisting the arch wire. These forces
within the bracket produce only a pure moment, so the pe-
riodontal ligament does not feel heavy force, but the nec-
essary magnitude can come as a considerable surprise. The
wire must literally snap into the bracket.

Narrow vs. Wide Brackets
in Fixed Appliance Systems
Control of root position with an orthodontic appliance is
especially needed in two circumstances: when the root of a
tooth needs to be torqued faciolingually (as in the previous
example), and when mesiodistal root movement is needed
for proper paralleling of teeth at extraction sites. In the for-
mer instance, the necessary moment is generated within
the bracket, and the key dimensions are those of the arch
wire; in the latter circumstance, the moment is generated
across the bracket, and bracket width determines the length
of the moment arm.

The wider the bracket, all other things being equal, the
easier it will be to generate the moments needed to bring

FIGURE 10-24

	

The width of the bracket on a tooth deter-
mines the length of the moment arm for control of mesiodistal
root position. Bracket width also influences the contact angle at
which the corner of the bracket meets the arch wire. The wider
the bracket, the smaller the contact angle.

roots together at extraction sites or to control mesiodistal
position of roots in general. Consider retracting the root of
a canine tooth into a first premolar extraction site (Figure
10-24). With a retraction force of 100 gm and a 10 mm dis-
tance from the bracket to the center of resistance, a 1000
gm-mm moment will be needed. If the bracket on this
tooth is 1 mm wide, 1000 gm of force will be needed at each
corner of the bracket, but if the bracket is 4 mm wide, only
250 gm of force at each corner will be necessary.

This assumes even greater practical significance when
the extraction site is to be closed by sliding teeth along an
arch wire, and friction between the wire and bracket is en
countered. Frictional resistance to sliding (discussed more
fully following) is affected by the force with which the
bracket contacts the arch wire and the contact angle be-
tween the wire and the bracket (see Figure 10-24). The
wider bracket reduces both the force needed to generate
the moment and the contact angle and is thus advantageous
for space closure by sliding.

Despite their advantage when spaces are to be closed
by sliding teeth on an arch wire, wide brackets have a par-
tially offsetting disadvantage. The wider the bracket on a
tooth, the smaller the interbracket span between adjacent
teeth, and therefore the shorter the effective length of the
arch wire segments between supports. Reducing the span
of the wire segments in this way (reducing the length of the
beam, in the terminology of our previous discussion)
greatly decreases both the springiness of the arch wire and
its range of action. For this reason, the use of extremely
wide brackets is contraindicated. The maximum practical
width of a wide bracket is about half the width of a tooth,
and even narrower brackets have an advantage when teeth
are malaligned, because the greater interbracket span gives
more springiness.

Effect of Bracket Slot Size
in the Edgewise System
The use of rectangular arch wires in rectangular bracket
slots was introduced by Edward Angle in the late 1920s
with his edgewise arch mechanism (see Chapter 12). The
original appliance was designed for use with gold arch
wires, and the 22 X 28 mil bracket slot size was designed to
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accommodate rectangular arch wires of approximately the
same dimension. In Angle's concept of treatment, sliding
teeth along arch wires to close extraction sites was unnec-
essary, because extractions for orthodontic purposes simply
were not done. Torquing movements, on the other hand,
were important, and a major goal of the appliance design
was efficient torque. The appliance was engineered to pro-
duce appropriate force and a reasonable range of action in
torsion when gold arch wires of 22 X 28 dimension were
used with narrow brackets.

When steel arch wires replaced gold, Angle's original
engineering calculations were no longer valid because steel
wire of the same size was so much stiffer. An alternative was
to redesign the edgewise appliance, optimizing the bracket
slot size for steel. A reduction in slot size from 22 to 18 mil
was advocated for this purpose. Even with this smaller slot
size, full dimension steel wires still produce slightly greater
forces than the original edgewise system did, but the prop-
erties of the appliance system are close to the original.
Good torque is possible with steel wires and 18 mil edge-
wise brackets.

On the other hand, using undersized arch wires in
edgewise brackets is a way to reduce friction if teeth are to
slide along the arch wire, which was an important consider
ation by the time steel wire replaced gold. As a practical
matter, sliding teeth along an arch wire requires at least 2
mil of clearance, and even more clearance may be desirable.
The greater strength of an 18 mil arch wire compared with
a 16 mil wire can be an advantage in sliding teeth. The 18
mil wire would, of course, offer excellent clearance in a 22-
slot bracket, but fits too tightly for sliding space closure in
an 18-slot bracket. The original 22-slot bracket therefore
would have some advantage during space closure but would
be a definite disadvantage when torque was needed later.
With steel arch wires of 21 mil as the smaller dimension
(close enough to the original 22 mil bracket slot size to give
a good fit), springiness and range in torsion are so limited
that effective torque with the arch wire is essentially impos-
sible. Using wide brackets to help with space closure would
make the torque problem worse. Exaggerated inclinations
of smaller rectangular wires, for example, 19 X 25, are one
alternative, but torquing auxiliaries (see Figure 10-21) are
often necessary with undersized steel wires in 22-slot edge-
wise brackets.

In this situation, a role for the new titanium arch
wires becomes clearer. If only steel wires are to be used,
the 18 mil slot system has considerable advantage over the
larger bracket slot size. With their excellent springback
and resistance to permanent deformation, NiTi alloys
overcome some of the alignment limitations of steel wires
in wide 22 mil slot brackets, while rectangular NiTi and
beta-Ti wires offer advantages over steel for the finishing
phases of treatment and torque control. In short, the new
titanium arch wires greatly help overcome the major
problems associated with continued use of the original
edgewise slot size.

MECHANICAL ASPECTS
OF ANCHORAGE CONTROL

When teeth slide along an arch wire, force is needed for
two purposes: to overcome frictional resistance, and to cre-
ate the bone remodeling needed for tooth movement. As
we have pointed out in Chapter 9, controlling the position
of anchor teeth is accomplished best by minimizing the re-
action force that reaches them. Use of unnecessarily heavy
force to move teeth creates problems in controlling an-
chorage. Unfortunately, anchor teeth usually feel the reac-
tion to both frictional resistance and tooth movement
forces, so controlling and minimizing friction is an impor-
tant aspect of anchorage control.

Frictional Effects on Anchorage
When one moving object contacts another, friction at their
i nterface produces resistance to the direction of movement.
The frictional force is proportional to the force with which
the contacting surfaces are pressed together and is affected
by the nature of the surface at the interface (rough or
smooth, chemically reactive or passive, modified by lubri-
cants, etc.). Interestingly, friction is independent of the ap-
parent area of contact. This is because all surfaces, no mat-
ter how smooth, have irregularities that are large on a
molecular scale, and real contact occurs only at a limited
number of small spots at the peaks of the surface irregular-
ities (Figure 10-25). These spots, called asperities, carry all

FIGURE 10-25

	

When two solid surfaces are pressed together
or one slides over the other, real contact occurs only at a limited
number of small spots, called asperities, that represent the peaks of
surface irregularities. Even under light loads, as when an ortho-
dontic arch wire is tied into a bracket, local pressure at the asper-
ities is likely to form junctions between the two surfaces. These
junctions shear as sliding occurs. If two materials of different
hardness slide past each other (for instance, a metal wire in a ce-
ramic bracket), the coefficient of friction is mainly determined by
the shear strength and yield pressure of the softer material. When
a soft material slides past a harder one (again, a metal wire in a ce-
ramic bracket), small fragments of the soft material adhere to the
hard one (see Figure 12-42), but "plowing" of asperities, which
can contribute to total friction, is not observed. Although inter-
locking of asperities can contribute to friction, this also is negligi-
ble in most orthodontic applications because the surfaces have
been ground relatively smooth. (Redrawn from Jastrzebski Z: The
nature and properties of engineering materials, ed 2, New York, 1976,
John Wiley & Sons.)
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the load between the two surfaces. Even under light loads,
local pressure at the asperities may cause appreciable plas-
tic deformation of those small areas. Because of this, the
true contact area is to a considerable extent determined by
the applied load and is directly proportional to it.

When a tangential force is applied to cause one mate-
rial to slide past the other, the junctions begin to shear. The
coefficient of friction then is proportional to the shear
strength of the junctions and is inversely proportional to
the yield strength of the materials (because this determines
the extent of plastic deformation at the asperities). At low
sliding speeds, a "stick-slip" phenomenon may occur as
enough force builds up to shear the junctions and a jump
occurs, then the surfaces stick again until enough force
again builds to break them.

Two other factors can affect the resistance to sliding:
the interlocking of surface irregularities, which obviously
becomes more important when the asperities are large or
pointed; and the extent to which asperities on a harder ma-
terial plow into the surface of a softer one. Thus the total
frictional resistance will be the sum of three components:
(1) the force necessary to shear all junctions, (2) the resis-
tance caused by the interlocking of roughness, and (3) the
plowing component of the total friction force. 17 In prac-
tice, if the two materials are relatively smooth and not
greatly dissimilar in hardness, friction is largely determined
by the shearing component.

To a surprisingly large extent, friction is a factor in
orthodontic anchorage control, particularly for space clo-
sure with fixed appliances. Frictional resistance to sliding
arch wires against brackets can be reduced by modifying
any or all of the major factors discussed above, but it can-
not be totally eliminated. It is possible in the laboratory to
measure the actual friction between various wires and
brackets and then to compare the magnitude of frictional
resistance with the force levels needed to produce tooth
movement.

Significant influences on friction in orthodontic appli-
ances include:

Surfaces of Wires and Brackets.

	

The concept that
surface qualities are an important variable in determining
friction has been emphasized by experiences in the late
1980s with both titanium wires and ceramic or plastic
brackets. Stainless steel brackets slide reasonably well on
steel wires, but the situation is not so fortunate with some
other possible combinations.

Surface Qualities of Wires.

	

When NiTi wires were
first introduced, manufacturers claimed that they had an
inherently slick surface compared with stainless steel, so
that all other factors being equal, there would be less inter-
locking of asperities and thereby less frictional resistance to
sliding a tooth along a NiTi wire than a stainless steel one.
This is erroneous-the surface of NiTi is rougher (because
of surface defects, not the quality of polishing) than that of
beta-Ti, which in turn is rougher than steel. More impor-
tantly, however, there is little or no correlation for ortho-

dontic wires between the coefficients of friction and surface
roughness' 8 (i.e., interlocking and plowing are not signifi-
cant components of the total frictional resistance). Al-
though NiTi has greater surface roughness, beta-Ti has
greater frictional resistance. It turns out that as the tita-
nium content of an alloy increases, its surface reactivity in-
creases, and the surface chemistry is a major influence on
frictional behavior. Thus beta-Ti, at 80% titanium, has a
higher coefficient of friction than NiTi at 50% titanium,
and there is greater frictional resistance to sliding with ei-
ther than with steel. With beta-Ti, there is enough tita-
nium reactivity for the wire to "cold-weld" itself to a steel
bracket under some circumstances, making sliding all but
impossible. 19

A possible solution to this problem is alteration of the
surface of the titanium wires by implantation of ions into
the surface. Ion implantation (with nitrogen, carbon, and
other materials) has been done successfully with beta-Ti,
and has been shown to improve the characteristics of beta-
Ti hip implants. In clinical orthodontics, however, im-
planted NiTi and beta-Ti wires have failed to show im-
proved performance in initial alignment or sliding space
closure respectively, perhaps because friction is released
when teeth move as bone bends during mastication. 20,21

Surface Qualities of Brackets.

	

Bracket surfaces also
are important in friction. Most modern orthodontic
brackets are either cast or milled from stainless steel, and
if properly polished have relatively smooth surfaces com-
parable with steel wires. Titanium brackets now are com-
ing into use, primarily because of their better biocompati-
bility-some patients have an allergic response to the
nickel in stainless steel and do not tolerate steel appliances.
Fortunately, many individuals who show cutaneous sensi-
tivity to nickel do not have a mucosal reaction, but the in-
creasing number of allergic patients is becoming a prob-
lem. At best, the surface properties of titanium brackets
are like those of titanium wires, and polishing the interior
of bracket slots is difficult enough that these critical areas
may be rougher than wires. Sliding with titanium brackets,
therefore, may be problematic, particularly if titanium
archwires also are used.

Ceramic brackets became quite popular in the 1980s
because of their improved esthetics, but problems related
to frictional resistance to sliding have limited their use. The
ones made from polycrystalline ceramics have considerably
rougher surfaces than steel brackets. The rough but hard
ceramic material is likely to penetrate the surface of even a
steel wire during sliding, creating considerable resistance,
and of course this is worse with titanium wires. 22 Although
single crystal brackets are quite smooth, these brackets also
can damage wires during sliding, and so they also have in-
creased frictional resistance to sliding. 23 Recently, ceramic
brackets with metal slots have been introduced, a rather ex-
plicit recognition of the problems created by friction
against ceramic surfaces (see further discussion of esthetic
appliances in Chapter 12).
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It is quite likely that composite plastic brackets will
come into routine use early in the new century. They have
the advantages of being tooth colored and non-allergenic,
and at least in theory, should have surface properties that
would not be as troublesome as ceramics. Based on labora-
tory data, one of the few couples that improves the coeffi-
cient of friction beyond that of an all-stainless steel couple,
is the esthetic wire-bracket-ligature couple comprised of all
composite materials. The polycarbonate plastic brackets
that have been offered commercially to date, however, have
surfaces that are too soft and have required metal slots to
provide even semi-satisfactory performance.

Force of Contact.

	

The amount of force between the
wire and the bracket strongly influences the amount of fric-
tion. This is determined by two things. First, if a tooth is
pulled along an arch wire, it will tip until the corners of the
bracket contact the wire and a moment is generated that
prevents further tipping (see Figure 10-24). If the initial
tipping is to be prevented and true bodily movement pro-
duced, any wire that is smaller than the bracket initially
must cross the bracket at an angle. The greater the angle,
the greater the initial moment and the greater the force be-
tween the wire and the bracket. As can be seen from Figure
10-26, friction goes up rapidly as the angle between the
bracket and the wire increases. Because of this, the elastic
properties of the wire influence friction, especially as
bracket angulation increases. 24 A more flexible wire bends
and reduces the angle between wire and bracket. As noted
earlier, when teeth slide along an arch wire, it is easier to
generate the moments needed to control root position with
a wide bracket because the wider the bracket, the smaller
the force needed at its edges to generate any necessary mo-
ment. The smaller force also should reduce the frictional
force proportionally.

A second force, however, is the one that largely deter-
mines friction: the force that pulls the wire into the bracket,
which would be produced by the ligature holding the wire
in place. 25 Perhaps this explains why laboratory data indi-
cate that bracket width has surprisingly little effect on fric-
tion. More importantly, it illustrates why sliding along
arch wires works much better when the system that holds
the arch wire in the bracket does not hold the wire tightly
the bracket. Modern edgewise appliances with a rigid cap
that locks over the top of the bracket (see Chapter 12 for a
more detailed discussion) can have several advantages, but
clearly the most important one is the reduced friction that
allows more effective sliding-and therefore better an-
chorage control as well.

Magnitude of Friction.

	

Perhaps the most important
information to be gained from a consideration of friction is
an appreciation of its magnitude, even under the best of cir
cumstances. Note in Figure 10-27 that if a 19 x 25 steel
wire is placed in a 22-slot bracket and tied with a (presum-
ably typical) wire ligature, the minimum frictional resis-
tance to sliding a single bracket is about 100 gm. 26 In other
words, if a canine tooth is to slide along an arch wire as part
of the closure of an extraction space, and a 100 gm net force

FIGURE 10-26

	

The amount of friction produced as a wire
slides through a bracket increases as the angulation of the wire across
the bracket slot increases. With a steel wire held loosely in a steel
bracket, about 3 5 gm frictional resistance is measured under labora-
tory conditions, below a critical angle at which friction begins to in-
crease (note the similarity of the initial data for the two wire/slot
combinations shown here; also see Figure 10-27). Resistance to slid-
ing can be minimized but not eliminated-this is close to the achiev-
able minimum for steel on steel in orthodontic applications. As the
upper curve shows, for a nominal 18 mil wire in an 18 slot bracket,
the critical angle is 1.8 ° . Resistance to sliding increases linearly as the
angulation increases, and for this wire/bracket combination, exceeds
200 gm at 12°. For a 16 X 22 wire in a 22 slot bracket, the critical
angle is 2.8°, and resistance at 12° is about 150 gm. (Redrawn from
Kusy and Whitley: Angle Orthod 69:71-80, 1999.)

is needed for tooth movement, approximately another 100
gm will be needed to overcome friction (Figure 10-28).
The total force needed to slide the tooth therefore is twice
as great as might have been expected. The frictional resis-
tance can be reduced, but not eliminated, by replacing the
ligature tie with a bracket cap so that the wire is held in
place loosely.

In terms of the effect on orthodontic anchorage, the
problem created by friction is not so much its presence as
the difficulty of knowing its magnitude. To slide a tooth
or teeth along an arch wire, the clinician must apply
enough force to overcome the friction and produce the bi-
ologic response. It is difficult to avoid the temptation to
estimate friction generously and add enough force to be
certain that tooth movement will occur. The effect of any
force beyond what was really needed to overcome friction
is to bring the anchor teeth up onto the plateau of the
tooth movement curve (see Figure 9-17). Then either un
necessary movement of the anchor teeth occurs, or addi-
tional steps to maintain anchorage are necessary (e.g.,
headgear).
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FIGURE 10-27 Laboratory data for sliding of five steel
wire/bracket combinations, superimposed on the critical contact
angle at which frictional resistance begins to increase (see Figure
10-26). Note the similarity of friction for all the wire-bracket
combinations in the passive configuration, below the critical angle.
It is possible to fit a nominal 19 X 25 wire into an 18 slot bracket
because the wire typically is slightly undersized and the bracket
slot is slightly oversized, but the fit is tight. The increase of fric-
tion with increasing contact angles is greatest for tightly fitting
wires and least with the loosest fit. In the absence of notching phe-
nomena, arch wire-bracket combinations with less second-order
clearance ultimately bind worse than those with more clearance.
(Redrawn from Kusy and Whitley: Angle Orthod 69: 71-80, 1999.)

FIGURE 10-28

	

To retract a canine tooth by sliding it along
an arch wire, an unknown amount of frictional resistance (from
laboratory results, approximately equal to the force necessary to
move the tooth) must be overcome. Clinically, problems in con-
trolling anchorage because of friction arise largely because the
true friction is unknown. A generous amount of force beyond
what is necessary to move the tooth usually is added to ensure
clinical effectiveness, but the excess force affects the anchor teeth.

Friction in the appliance system can be avoided if a

spring loop is bent into the arch wire, so that arch wire seg-

ments move, taking the teeth with them instead of the teeth

moving relative to the wire. Springs of this type are called

retraction springs if they attach to only one tooth, or closing
loops if they connect two arch wire segments (Figure 10-29).

Incorporating springs into the arch wire makes the appli-

ance more complex to fabricate and to use clinically but

eliminates the difficulty in anchorage control caused by

frictional resistance.

Methods to Control Anchorage
From the previous discussion, of both the biologic aspects

of anchorage in Chapter 9 and the review above of fric-

tional effects, it is apparent that several potential strategies

can be used to control anchorage. Nearly all the possible

approaches are actually used in clinical orthodontics, and

each method is affected by whether friction will be en-

countered. Considering them in more detail:

Reinforcement. The extent to which anchorage
should be reinforced depends on the tooth movement that is

desired. In practice, this means that anchorage requirements

must be established individually in each clinical situation.

Once it has been determined that reinforcement is desirable,

however, this typically involves including as many teeth as

possible in the anchorage unit. For significant differential

FIGURE 10-29

	

A closing loop is being used to retract the
maxillary incisors, while a spring to slide the arch wire through
the molar tube is used for space closure in the lower arch. In con-
temporary use, closing loops are bent into steel archwires, and
teeth slide along steel wires, but the coil spring is A-NiTi. The
Class II elastic from lower posterior to upper anterior also pro-
vides force to close both upper and lower spaces.

tooth movement, the ratio of PDL area in the anchorage

unit to PDL area in the tooth movement unit should be at

least 2 to 1 without friction, 4 to 1 with it. Anything less pro-

duces something close to reciprocal movement. Obviously,

larger ratios are desirable if they can be obtained.

Satisfactory reinforcement of anchorage may require

the addition of teeth from the opposite dental arch to the

anchor unit. Reinforcement may also include forces derived

from structures outside the mouth. For example, to close a

mandibular premolar extraction site, it would be possible to

stabilize all the teeth in the maxillary arch so that they could

only move bodily as a group, and then to run an elastic from

the upper posterior to the lower anterior, thus pitting

forward movement of the entire upper arch against distal
movement of the lower anterior segment (Figure 10-30).

This addition of the entire upper arch would greatly alter

the balance between retraction of the lower anteriors and

forward slippage of the lower posteriors.
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FIGURE 10-30

	

Reinforcement of anchorage can be pro-
duced by adding additional teeth within the same arch to the an-
chor unit, or by using elastics from the opposite arch to help pro-
duce desired tooth movement, as with the interarch elastic shown
here. Additional reinforcement can be obtained with extraoral
force, as with addition of a facebow to the upper molar to resist
the forward pull of the elastic.

This anchorage could be reinforced even further by
having the patient wear an extraoral appliance (headgear)
placing backward force against the upper arch. The reaction
force from the headgear is dissipated against the bones of
the cranial vault, thus adding the resistance of these struc-
tures to the anchorage unit. The only problem with rein-
forcement outside the dental arch is that springs within an
arch provide constant forces, whereas elastics from one arch
to the other tend to be intermittent, and extra-oral force is
likely to be even more intermittent. Although this time fac-
tor can significantly decrease the value of cross-arch and ex-
traoral reinforcement, both can be quite useful clinically.

Subdivision of Desired Movement. A common
way to improve anchorage control is to pit the resistance of
a group of teeth against the movement of a single tooth,
rather than dividing the arch into more or less equal seg-
ments. In our same extraction site example, it would be per-
fectly possible to reduce the strain on posterior anchorage
by retracting the canine individually, pitting its distal
movement against mesial movement of all other teeth
within the arch (Figure 10-31). After the canine tooth had
been retracted, one could then add it to the posterior an-
chorage unit and retract the incisors. This approach would
have the advantage that the reaction force would always be
dissipated over a large PDL area in the anchor unit. Its dis-
advantage is that closing the space in two steps rather than
one would take nearly twice as long.

Subdivision of tooth movement improves the anchor-
age situation regardless of whether friction is involved and
where a space in the arch is located. If it is desired to slip all
the posterior teeth forward (in which case the anterior
teeth are the anchor unit), bringing them forward one at a
time is the most conservative way to proceed. Moving them

FIGURE 10-31

	

Retraction of the canine by itself, as the first
step in a two-stage space closure, often is used to conserve an-
chorage, particularly when sliding teeth along an arch wire.

one at a time without friction, of course, will put less strain
on anchorage than sliding them one at a time.

Tipping/Uprighting. Another possible strategy for
anchorage control is to tip the teeth and then upright them,
rather than moving them bodily. In our familiar extraction
site example, this would again require two steps in treat-
ment. First, the anterior teeth would be tipped distally by
being pitted against mesial bodily movement of the poste-
rior segment (see Figure 9-18). As a second step, the tipped
teeth would be uprighted, moving the canine roots distally
and torquing the incisor roots lingually, again with station-
ary anchorage in the posterior segments. It would be ex-
tremely important to keep forces as light as possible during
both steps, so that the teeth in the posterior segment were
always below the optimum force range while the anterior
teeth received optimum force.

Friction and Anchorage Control Strategies. An-
chorage control is particularly important when protruding
incisors are to be retracted. The goal is to end up with the
teeth in the correct position, not necessarily to retract them
as much as possible. The desired amount of incisor retrac-
tion for any patient should be carefully planned, and the
mechanotherapy should be selected to produce the desired
outcome. This subject is discussed in considerably more
detail in Chapter 17.

At this point, however, it is interesting to consider a
relatively typical extraction situation, in which it is desired
to close the extraction space 60% by retraction of the ante
rior teeth and 40% by forward movement of the posterior
segments (Figure 10-32). This outcome would be expected
from any of three possible approaches: (1) one-step space
closure with a frictionless appliance; (2) a two-step closure
sliding the canine along the arch wire, then retracting the
incisors (as in the original Tweed technique); or (3) two-
step space closure, tipping the anterior segment with some
friction, then uprighting the tipped teeth (as in the Begg
technique). (See Chapters 12 and 16 through 18 for a de-
tailed discussion of these techniques.) The example makes
the cost of friction in a clinical setting more apparent: the
greater strain on anchorage when brackets slide along an
arch wire must be compensated by a more conservative ap-
proach to anchorage control. The price is usually paid
therefore in increased treatment time. The frictionless ap-
pliance, though more difficult to fabricate and manipulate,
will result in the same space closure significantly faster.
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FIGURE 10-32

	

Closure of a premolar extraction site often
is desired in a ratio of 60% retraction of incisors, 40% forward
movement ofmolar and second premolar. This result can be ob-
tained straightforwardly in three ways: (1) one-step space clo-
sure with a frictionless (closing loop) mechanism; (2) two-step
space closure with sliding mechanics, retracting the canine indi-
vidually, and then retracting the four incisors in a second step
(the classic Tweed approach); or (3) two-step sliding space clo-
sure with distal tipping of the canine and incisors initially, fol-
lowed by uprighting of these teeth (the classic Begg approach).
Good clinical results can be obtained with all three methods.
The cost of friction in space closure, with well-managed ortho-
dontic appliances, is paid more in increased treatment time than
in decreased quality of result.

Note that strategies for anchorage control are associ-
ated with particular orthodontic appliances, indeed are lit-
erally built into the appliance in many instances. The me
chanical design principles discussed in this chapter have
shaped the development of contemporary fixed appliances,
but appliance designers have also had to consider anchor-
age as a design factor of considerable importance. The ap-
proach to anchorage control that is implicit in the appli-
ance design is sometimes called the appliance philosophy, not
quite so strange a term when viewed in this way.

FIGURE 10-33

	

An intrusion arch made from rectangular wire,
which fits into a rectangular tube on the molars and is tied to one
point ofcontact on the incisor segment, is an example of a determi-
nate one-couple system. If the arch wire is activated by pulling it
down and tying it to the incisor segment so that it delivers 40 gin in-
trusion force (10 gm per tooth, 20 gm per side), and if the distance
from the molar tube to the point ofattachment is 30 mm, each mo-
lar will feel a 20 gm extrusive force in reaction and a 600 gm-mm mo-
ment to tip the crown distally. At the incisor segment, the force will
create a 200 gm-mm moment to rotate the incisor crowns facially. At
each molar, the extrusive force also would create a moment to roll
the crown lingually. If the buccal tube were 4 mm buccal to the cen-
ter of resistance, its magnitude would be 80 gm-mm.

DETERMINATE VS. INDETERMINATE
FORCE SYSTEMS

The laws of equilibrium require not only that for every
force there is an equal and opposite reactive force but also
that the sum of the moments in any plane are equal to zero.
In other words, the moments as well as the forces generated
by an orthodontic appliance system must be balanced, in all
three planes of space. It can be very difficult to visualize the
total force system in orthodontics. Unexpected and un-
wanted tooth movement easily can result when an impor-
tant component of the system is overlooked.

Force systems can be defined as statically determinate,
meaning that the moments and forces can readily be dis-
cerned, measured and evaluated, or as indeterminate. Stat
ically indeterminate systems are too complex for precisely
measuring all forces and moments involved in the equilib-
rium. Typically, only the direction of net moments and ap-
proximate net force levels can be determined. This is more
of a problem in orthodontics than in many engineering sit-
uations, because the eventual action of the system is deter-
mined by the biologic response. For instance, the amount

of tooth movement will be determined to a large extent by
the magnitude of the forces felt by anchor teeth and teeth
whose movement is intended, not just by the differential
between those forces. If the force applied to the anchor
teeth is high enough to pull them up onto the plateau of
the pressure-response curve, reciprocal tooth movement
will occur despite a difference in PDL pressures (see Fig-
ure 9-17). Similarly, whether intrusion of incisor teeth or
extrusion of posterior teeth occurs is almost totally a func-
tion of the magnitude of intrusive vs. extrusive forces, not
their direction or the difference between them. Determi-
nate force systems, therefore, are advantageous in ortho-
dontics because they provide much better control of the
magnitude of forces and couples.

For all practical purposes, determinate systems in or-
thodontics are those in which a couple is created at one end
of an attachment, with only a force (no couple) at the other.
This means that a wire that will serve as a spring can be in-
serted into a tube or bracket at one end, but must be tied so
that there is only one point of contact on the other (Figure
10-33). When the wire is tied into a bracket on both ends, a
statically indeterminate two-couple system has been created.
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One-couple Systems
In orthodontic applications, one-couple systems are found
when two conditions are met: (1) a cantilever spring or aux-
iliary arch wire is placed into a bracket or tube(s). It typi-
cally attaches to a tooth or teeth that is part of a stabilized
segment (i.e., reinforced anchorage is being used); and
(2) the other end of the cantilever spring or auxiliary arch
wire is tied to a tooth or group of teeth that are to be
moved, with a single point of force application. 27

For analysis, the teeth in the anchor unit are consid-
ered as if stabilization had created a single large multi-
rooted tooth, with a single center of resistance. It is impor
tant to tie teeth in an anchor unit tightly together with as
rigid a stabilizing wire segment as possible. Often the pos-
terior teeth on both sides are tied together with a rigid lin-
gual arch, so that a single posterior stabilizing segment is
created. If the goal is to move more than one tooth, the

tooth movement segment similarly must be tied so the
teeth become a single unit.

Cantilever Spring Applications.

	

Cantilever springs
are used most frequently to bring severely displaced (im-
pacted) teeth into the arch (Figure 10-34). These springs
have the advantage of a long range of action, with minimal
decrease in force as tooth movement proceeds and excel-
lent control of force magnitude. There are two disadvan-
tages: (1) as with most devices with a long range of action,
cantilever springs do not fail safe. If they are distorted by
the patient, significant tooth movement in the wrong di-
rection is quite possible, (2) the moment of the force on an
unerupted tooth rotates the crown lingually as the tooth is
brought toward the occlusal plane, which is likely to be un-
desirable. Although an additional force can be added to
overcome this, the system rapidly can become complex. If
the cantilever spring is tied into a bracket on the unerupted

FIGURE 10-34

	

A cantilever spring, made from a rectangular wire that fits into a rectangular tube (or
bracket) on one end and is tied to one point of contact on the other, produces a determinate one-couple
system in which the forces and moments can be known precisely. A, Lateral view of the force system cre-
ated by a cantilever spring to extrude an impacted maxillary canine. If the distance between the molar tube
and a button on the canine to which the spring is tied is 20 mm, placing a 50 gm extrusive force on the ca-
nine creates a 50 gm intrusive force on the molar and also a 1000 gm-mm moment to rotate the molar
crown forward around its center of resistance. If the molar tube is 4 mm in length, the moment would be
created by a couple with 250 gm force upward on the mesial end of the tube and 250 gin downward on
the distal end. B, Frontal view of the same force system. Consider the bucco-lingual (torque) moments
created by the force on the molar and canine. If the center of resistance of the canine is 5 mm lingual to
the button on its crown, a 50 gm extrusive force creates a 250 gm-mm moment to rotate the crown lin-
gually (which usually is not desired). At the molar, if the center of resistance is 4 mm lingual to the tube
on the buccal surface, the 50 gm intrusive force creates a 200 gm-mm moment to rotate the crown facially.
But if the impacted canine is 10 mm lingual to the buccal surface of the molar, activating the spring also
twists it, creating a 500 gm-mm torquing moment to rotate the molar crown lingually. The result at the
molar is a net 300 gm-mm moment to torque the molar crown lingually and roots buccally. If the rectan-
gular spring were tied into a bracket on the canine, a moment to torque its root facially could be gener-
ated, but the resulting two-couple system would be indeterminate-it would no longer be possible to
know the forces and moments with certainty.
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tooth so that a couple can be created for better control, the
force system becomes statically indeterminate and force

magnitudes are no longer known with certainty.

Auxiliary Intrusion/Extrusion Arches. The major
use of one couple systems is for intrusion, typically of in-

cisors that have erupted too much. For this purpose, light

force against the teeth to be intruded is critical. An intru-

sion arch typically employs posterior (molar) anchorage

against two or four incisors (Figure 10-3 5). Because the in-

trusive force must be light, the reaction force against the

anchor teeth also is light, well below the force levels needed

for extrusion and tipping that would be the reactive move-

ments of the anchor teeth. Tying the molar teeth together

with a rigid lingual arch prevents buccal tipping of the mo-

lars. In adults, usually the premolar teeth also are added to

the anchor unit.

It would be easy enough to activate an auxiliary arch

wire to produce extrusion of incisors rather than intrusion.

This is rarely done clinically, however. The force needed

for extrusion is 4 to 5 times higher than intrusion, however,

so the reactive force against the anchor teeth also would be

higher and the anchor teeth would not be as stable. Perhaps

more importantly, the precise control of force magnitude

that is the major advantage of a one-couple system, is less

critical when extrusion is desired. The additional complex-

ity of stabilizing segments and an auxiliary arch wire may

not be cost effective if extrusion is the goal.

Two-couple Systems
An easy way to see the effect of changing from a determi-
nate one-couple to an indeterminate two-couple system is

to observe the effect of tying an intrusion arch into brack-

ets on incisor teeth, rather than tying it with one-point

contact. 28 The utility arch, popularized by Ricketts and

used most frequently for incisor intrusion, makes just this

change. Like a one-couple intrusion arch, it is formed from

rectangular wire so that it will not roll in the molar tubes.

Also like a one-couple intrusion arch, it bypasses the canine

and premolar teeth, i.e., it is a 2 X 4 arch wire (attached to
2 molars and 4 incisors). The resulting long span provides

excellent load deflection properties so that the light force

necessary for intrusion can be created. The difference

comes when the utility arch is tied into the incisor brackets,

creating a two-couple system.

When the utility arch is activated for intrusion, the

moment of the intrusive force tips the crowns facially

(Figure 10-36). One way to prevent the facial tipping is

to apply a force to retract the incisors, which would cre-

ate a moment in the opposite direction. This could be

done by cinching or tying back the intrusion utility arch.

Although the retraction force could be light, any force to

bring the anchor teeth mesially is likely to be undesir-

able.

Another strategy to control the facial tipping is im-

mediately apparent: place a twist in the anterior segment

FIGURE 10-35

	

Two factors in the action of an intrusion arch are the relationship of the point of
force application relative to the center of resistance of the incisor segment, and whether the incisor
teeth are free to tip facially as they intrude or whether the arch is cinched back to produce lingual
root torque. A, An intrusion arch can be tied at any point along the incisor segment. If it is tied be-
hind the lateral incisor bracket, the force is applied in line with the center of resistance, and there is
no moment to rotate the incisors facio-lingually. The effect on the anchor molar would be the same
as if the intrusion arch were tied in the midline (see Figure 10-33). B, If the intrusion arch were tied
in the midline and cinched back so it could not slide forward in the molar tube, the effect would be
lingual root torque on the incisors as they intruded. Equilibrium requires that both moments and
forces be balanced, so the moment on the incisors would be balanced by a similar moment on the an-
chor molars. Each would receive a 100 gm-mm moment to bring the crown mesially, which would re-
quire a 10 gm force at the distal of the molar tube if the distance from the tube to the molar's center
of resistance is 10 mm.
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of the utility arch, to torque the incisors lingually29 Let
us examine the effect of doing this (see Figure 10-36, B).
An effect of the couple within the bracket is to increase
the intrusive force on the incisors, and also the reactive
extrusive force on the molars. Although one can be sure
that the magnitude of the intrusive force would increase,
it is impossible to know how much-but any increase
would shift the balance of tooth movement away from the
desired intrusion of the incisor, for which highly
controlled light force is critical, toward extrusion of the
anchor teeth.

Note that the "torque bend" in the utility arch wire
produces two problems. The first is the reactive force
generated by the couple within the bracket. An increase
in the magnitude of the intrusive force often is not an-
ticipated from such an apparently unrelated change in
the arch wire. The second problem is that the magnitude
of the reactive forces is not known with certainty, which
makes it impossible to accurately adjust the arch wire
even if you do anticipate the increase. Both effects help
explain why utility arches often produce disappointing
amounts of incisor intrusion relative to molar extrusion.

FIGURE 10-36

	

A utility arch often is an intrusion arch in a two-couple configuration, created by ty-
ing the rectangular intrusion arch into the brackets on the incisors. When this is done, the precise magni-
tude of forces and couples cannot be known, but the initial activation of the arch should be to provide about
40 grams to the incisor segment for intrusion. A, Activating the utility arch by placing it in the brackets
creates the intrusion force, with a reactive force of the same magnitude on the anchor molar and a couple
to tip its crown distally. At the incisors, a moment to tip the crowns facially (M r) is created by distance of
the brackets forward from the center of resistance, and an additional moment in the same direction is cre-
ated by the couple within the bracket (Mc) as the inclination of the wire is changed when it is brought to
the brackets. The moment of this couple cannot be known, but it is clinically important because it affects
the magnitude of the intrusion force. B, Placing a torque bend in the utility arch creates a moment to bring
the crown lingually, controlling the tendency for the teeth to tip facially as they intrude, but it also in-
creases the magnitude of the intrusive force on the incisor segment and the extrusive force and couple on
the molar. C, Cinching back the utility arch creates a force to bring the incisors lingually, and a moment
of this force opposes the moment of the intrusion force. At the molar, a force to bring the molar mesially
is created, along with a moment to tip the molar mesially. Especially if a torque bend still is present, it is
difficult to be certain which of the moments will prevail, or whether the intrusion force is appropriate.
With this two-couple system, the vertical forces easily can be heavier than desired, changing the balance be-
tween intrusion of the incisors and extrusion of the molars. (Redrawn from Davidovitch M, Rebellato J:
Utility arches: a two-couple intrusion system, Sem Orthod 1: 25-30, 1995.)
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APPLICATIONS OF COMPLEX
(TWO-COUPLE) FORCE SYSTEMS

Symmetric and Asymmetric Bends
When a wire is placed into two brackets, the forces of the
equilibrium always act at both brackets. There are three
possibilities for placing a bend in the wire to activate it: 30

• Symmetric Vbend, which creates equal and oppo-
site couples at the brackets (Figure 10-37). The as-
sociated equilibrium forces at each bracket also are
equal and opposite, and therefore cancel each other
out. A symmetrical Vbend is not necessarily halfway
between two teeth or two groups of teeth. If two
teeth are involved but one is bigger than the other
(e.g., a canine and lateral incisor), equal and opposite
moments would require placing the bend closer to
the large tooth, to compensate for the longer dis-

tance from the bracket to its center of resistance.
The same would be true if two groups of teeth had
been created by tying them into the equivalent of a
single large multi-rooted tooth, as when posterior
teeth are grouped into a stabilizing segment and
used for anchorage to move a group of four incisors.
A symmetrical V -bend would have to be offset, to
compensate for the greater resistance of one seg-
ment.

• Asymmetric Vbend, which creates unequal and op-
posite couples, and net equilibrium forces that
would intrude one unit and extrude the other (Fig-
ure 10-38). Although the absolute magnitude of the
forces involved cannot be known with certainty (this
is, after all, an indeterminate system), the relative
magnitude of the moments and the direction of the
associated equilibrium forces can be determined.
The bracket with the larger moment will have a

FIGURE 10-37

	

A, A symmetric V -bend is placed halfway between two units with equal resistance to
movement. It creates equal and opposite moments, and the intrusive/extrusive forces cancel each other.
B, To create equal and opposite couples, a Vbend must be displaced toward the unit with greater resis-
tance to movement, so a symmetric Vbend between an incisor and molar would be offset toward the mo-
lar. One must know the approximate anchorage value of teeth or units of the dental arch to calculate the
appropriate location of symmetric or asymmetric Vbends.

FIGURE 10-38

	

A, An asymmetric V-bend creates a greater moment on one tooth or unit than the other.
As the bend moves toward one tooth, the moment on it increases and the moment on the distant tooth de-
creases. When the bend is one-third of the way along the interbracket span, the distant tooth receives only
a force, with no moment. B, If the Vbend moves closer than the one-third point to one of the teeth, a mo-
ment in the same direction is created on both teeth, instead of opposite moments. A Vbend placed to par-
allel the roots of the adjacent teeth would not do so if the bend were too close to one of the teeth.
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greater tendency to rotate than the bracket with the
smaller moment, and this will indicate the direction
of the equilibrium forces. As the bend moves closer
to one of two equal units, the moment increases on
the closer unit and decreases on the distant one,
while equilibrium forces increase. When the bend is
located one-third of the distance along the wire
between two equal units, no moment is felt at the
distant bracket, only a single force. When the bend
moves closer than that to one bracket, moments at
both brackets are in the same direction, and equilib-
rium forces increase further.

• Step bend, which creates two couples in the same
direction regardless of its location between the
brackets (Figure 10-39). The location of a Vbend is
a critical variable in determining its effect, but the
location of a step bend has little or no effect on ei-
ther the magnitude of the moments or the equilib-
rium forces.

The general relationship between bend location and
the forces and moments that are produced is shown in
Table 10-7. Note that for Vbends, the force increases
steadily as the beam moves off-center. For step bends, since
both couples are in the same direction, the force is in-
creased over what a symmetrical Vbend would produce.

Under laboratory conditions, the forces and couples
created in a two-couple system can be evaluated experi-
mentally. 31 With a 16 mil steel wire and an interbracket
distance of 7 mm (about what would be found between
central incisors with twin brackets or between narrow ca-
nine and premolar brackets), a step bend of only 0.3 5 mm
would produce intrusive/extrusive forces of 347 grams
and 1210 gm-mm couples in the same direction (see Table
10-7). Permanent distortion of the wire would occur with

a step bend of 0.8 mm. Since this force magnitude is far
too great for intrusion, it is clear that extrusion would
prevail. The heavy vertical forces produced by what or-
thodontists would consider modest bends in a light arch
wire explain why extrusion is the response to step bends
in continuous arch wires. An asymmetric V -bend that
places the apex of the bend 0.35 mm above the plane of
the brackets, produces 803 gm-mm couples with no net
intrusive/extrusive forces at the one-third position. At the
one-sixth position, intrusive /extrusive forces over 900
grams occur, with very large moments (see Table 10-7), so
the result here also would be extrusion in addition to root
movement.

FIGURE 10-39 A step bend between two teeth produces
intrusive force on one tooth, extrusive force on the other, and
creates couples in the same direction. In contrast to V -bends,
there is little effect on either the force or the couples when the
step bend is moved off-center.

TABLE 10-7

	

Force Systems From Step and V-Bends
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The moments and forces are greatly reduced as inter-
bracket distances increase. For instance, the same 0.35 mm
step bend that produced 347 grams with a 7 mm inter
bracket span, produces only 43 grams with a 14 mm span
(which is still too high for intrusion). Even with flexible
arch wires, an interbracket span equivalent to the distance
from the first molar to the lateral incisor is needed to ob-
tain the light force necessary for intrusion. Longer spans
also make the location of V -bends less critical. With a 7 mm
interbracket span, moving a Vbend only 1.2 mm from a
centered position would put it at the one-third position
that totally eliminates the moment on the distant bracket.
With a 21 mm span, the same error would be almost neg-
ligible. It is much easier, therefore, to control two-couple
systems when the distances between attachments are rela-
tively large, as they are when wires connect only to molars
and incisors in a 2 X 4 arrangement, or to anterior and
posterior segments.

Still another level of complexity exists for a 2 X 4 two-
couple wire, because three-dimensional effects are pro-
duced when the wire goes around the arch from the mo
lars to the incisors. This makes the analysis of torque
bends particularly difficult. Using finite analysis modeling,
Isaacson et al have shown that the general principles of 2-
D analysis remain valid when 3-D analysis is done. 12 In a
long-span wire like a utility arch, however, a Vbend at the
molar produces significantly less moment and associated
equilibrium forces than the same Vbend located at the
same distance from the incisor segment. In addition, the
reversal of moments so that the moment is in the same di-
rection on the molar and the incisor, does not occur in the
3-D analysis when the Vbend moves closer than one-third
of the distance to the molar or incisors. The effect is to
make the effect of utility arches with complex bends even
less predictable.

Utility and 2 X 4 Arches
to Change Incisor Positions
The use of a two-couple utility arch to change the vertical
position of incisors, and the problems that arise in control-
ling intrusion with this method, have been briefly outlined
above. Two-couple systems work better for other types of
tooth movement in which force magnitudes do not have to
be controlled so precisely.

A two-couple system to change the inclination of in-
cisors can be arranged to produce either tipping or torque.
If a wire spanning from the molars to the incisors is acti
vated to rotate incisors around their center of resistance,
the crowns will move facially when the wire is free to slide
through the molar tube (Figure 10-40). 33 Occasionally, this
provides a convenient way to tip maxillary incisors facially
to correct anterior crossbite in the mixed dentition (see
Chapter 14).

If the wire is cinched back, the effect will be to torque
the incisor roots lingually, and a reaction force to bring the
molar mesially is created. The incisors also will extrude,
while the molars will intrude and roll lingually. For incisor
root torque, the long range of action provided by a 2 X 4
two-couple system is not necessarily an advantage, particu-
larly when there is nothing to control the vertical side
effects on the incisors. In patients with lingually tipped
maxillary central incisors (as in Class II division 2 maloc-
clusion), a one-couple torquing arch can be used to advan-
tage (Figure 10-41).

Transverse Movement of Posterior Teeth
Dental posterior crossbite, requiring expansion or con-
striction of molars, can be approached with two-couple
arch wires. 34 Then the anterior segment becomes the an-
chorage and movement of one or both first molars is de-
sired (Figure 10-42). Incorporating the canines into the

FIGURE 10-40

	

An asymmetric V -bend in a rectangular wire spanning from the first molars to the in-
cisor segment produces a moment to rotate the incisors facio-lingually, with an intrusive force but no mo-
ment on the molars and an extrusive force on the incisors. A, If the arch wire is free to slide forward
through the molar tube, the result is anterior tipping and extrusion of the incisors. Occasionally, this is de-
sirable in the correction of anterior crossbite in the mixed dentition. B, If the arch wire is cinched behind
the molar so that it cannot slide, the effect is lingual root torque and extrusion for the incisors and a mesial
force on the molars.
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FIGURE 10-41

	

For torque of very upright maxillary central incisors (as in Class II division 2 maloc-
clusion), a one-couple torquing arch designed by Burstone can be very effective. A, A heavy stabilizing
arch is placed in all the teeth but the central incisors, contoured so that it steps below the brackets on the
central incisors and contacts the facial surface of these teeth, is tied back against the molars. A wire tied
into the central incisor brackets and activated by bending it down and hooking it between the first molar
and second premolar, then produces the desired moment. B, Because the stabilizing arch wire prevents
facial tipping and extrusion of the central incisors, the result is lingual root torque with optimum force
over a long range. The reaction force to intrude the remaining teeth and bring them anteriorly is distrib-
uted over all the other teeth, minimizing the reaction.

FIGURE 10-42

	

A 2 X 6 appliance can be used to produce transverse movement of first permanent
molars. In this circumstance, the anterior segment becomes the segment, and it is important to add the
canines to the anchor unit, but the premolars cannot be tied to the arch wire without destroying its effec-
tiveness. The long span between the canine and molar is needed to produce the desired forces and mo-
ments in this two-couple system. A, An outward bend a few mm behind the canine bracket results pri-
marily in expansion of the molar, with little or no rotation (with the unequal segments, this approximates
the one-third position between the units of the two-couple system). B, An outward bend behind the ca-
nine combined with a toe-in bend at the molar results in expansion and mesial-out rotation of the molar.
(Redrawn from Isaacson RJ, Rebellato J: Sem Orthod 1: 31-36, 1995.)
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anchor segment is a necessity (i.e., this requires a 2 X 6
rather than a 2 X 4 appliance). A long span bypassing the
premolars still is needed for appropriate force levels and
control of moments. Asymmetric expansion or constric-
tion to correct unilateral crossbite is quite feasible and of-
ten is the indication for using this method. As with other
applications of two-couple systems, the large range of the
appliance means that teeth can be moved a considerable
distance with a single activation of the appliance. The cor-
responding disadvantage, of course, is that the system has
poor fail-safe properties.

Lingual Arches as Two-Couple Systems
Still another example of a two-couple appliance system is a
transpalatal lingual arch (or a mandibular lingual arch that
does not contact the anterior teeth) .35 Lingual arches often
are employed to prevent tooth movement rather than cre-
ate it. The need for a lingual arch to stabilize posterior seg-
ments in many situations has been noted above. When a
lingual arch is used to move teeth, spring properties are re-
quired-which means that either a different wire size or
different material is needed for an active rather than a sta-
bilizing lingual arch. Often when a flexible lingual arch is
used to reposition molars, a rigid one then is needed to sta-
bilize them while other tooth movement occurs. Steel lin-
gual arches usually are 30 mil when tooth movement is de-
sired, 36 mil when stabilization is needed. Replacing one
with the other would require changing the tube on the
molar band. To prevent this, the most practical approach is

to use a 32 X 32 TMA wire for active movement and 32 X 32
steel for stabilization, both of which will fit into the same
rectangular lingual tube.36,37 Lingual arches in general, and
this approach in particular, are discussed in some detail in
Chapter 12.

Whatever a lingual arch is made of, and however it is at-
tached, its two-couple design predicts the effect of symmet-
ric V, asymmetric V and step bends. Often it is desirable to
rotate maxillary first molars so that the mesio-buccal cusp
moves facially. This can be accomplished bilaterally with
symmetric bends, or unilaterally with an asymmetric bend
(Figure 10-43). An asymmetric activation tends to rotate the
molar on the side closest to the bend and move it mesially,
while the molar on the other side is displaced distally. It is
tempting to think that net distal movement of upper molars
can be accomplished routinely with this type of activation of
lingual arches, and it has been suggested that a clinician can
distalize one molar while rotating the other, then reverse
the process, moving both of them back. However, the evi-
dence indicates that significant distal movement beyond ro-
tation of the buccal cusps is unlikely-mesial movement of
the anchor molar is entirely possible. 38

A lingual arch also can be activated to torque roots fa-
cially or lingually (Figure 10-44). Symmetric torque when
molars are expanded provides bodily movement rather
than tipping. An interesting approach to unilateral cross-
bite is the use of a lingual arch with buccal root torque
(lingual crown torque) on one side pitted against buccal
tipping on the other side. As Ingervall and co-workers have

FIGURE 10-43

	

A, Bilateral toe-in bends at the first molars create equal and opposite couples, so the
mesio-distal forces cancel and the teeth are rotated to bring the mesio-buccal cusp facially. When space
has been lost in the maxillary arch or when a Class 11 molar relationship exists, this type of rotation often
is desired, but a flexible rather than a rigid lingual arch is needed to obtain it. B, A unilateral toe-in bend
rotates the molar on the side of the bend, and creates a force to move the other molar distally. Although
mesial movement of the molar on the side of the bend is limited by contact with the other teeth, mesial
movement may occur. Although net distalization of both molars has been claimed by bends of this type
on first one side, then the other, significant distal movement of both teeth is unlikely.
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FIGURE 10-44

	

A, Bilateral expansion of molars can be created by expansion of a transpalatal arch, which
typically is achieved by opening a loop in the mid-palate area. The moment of the expansion force tips the
crowns facially. B, Placing a twist in the wire creates a moment to torque the roots facially. The moment of
the couple must be greater than the moment of the force for this to occur. Unless a flexible wire is used for
the lingual arch, it can be difficult to insert the activated lingual arch with enough twist to produce the de-
sired torque. C, A twist in the wire on one side can be used to create stationary anchorage to tip the opposite
molar facially. This is particularly effective if the wire is rounded on the movement side, so that a one-couple
rather than two-couple system exists in the facio-lingual plane of space. (A, B redrawn from Rebellato. J: Two-
couple orthodontic appliance systems: activations in the transverse dimension, Sem Orthod 1:37-43, 1995; see
Ingerrall B et al: Am J Orthod Dentofac Orthop 107:418-425, 1995.)

shown quite convincingly, significant expansion on the tip-
ping side can be produced, perhaps more effectively if the
appliance is converted to a one-couple device by placing a
round rather than rectangular wire in the bracket on the
tipping side.39

A somewhat unusual application of a lingual arch
would be to tip one molar distally, uprighting it. The reci-
procal, of course, would be mesial tipping of the opposite
molar. This activation would require a twist in the lingual
wire. The location of this twist bend is not critical. The
relative moments on the molar teeth will be equal and
opposite, wherever the twist bend is placed.

Segmented Arch Mechanics
What is often called segmented arch mechanics is best con-
sidered an organized approach to using one-couple and
two-couple systems for most tooth movements, so as to ob-
tain both more favorable force levels and better control. 40
The essence of the segmented arch system is the establish-
ment of well-defined units of teeth, so that anchorage and
movement segments are clearly defined. The desired tooth
movement is accomplished with cantilever springs where
possible, so that the precision of the one-couple approach

is available, or with the use of two-couple systems through
which at least net moments and the direction of equilib-
rium forces can be known.

An excellent example of the segmented arch approach
is the design of an appliance to simultaneously retract and
intrude protruding maxillary central incisors. This is diffi
cult to accomplish because lingual tipping of the incisors
tends to move the crown downward as the tooth rotates
around its center of resistance. Intrusion of the root apex is
necessary to keep the crown at the same vertical level rela-
tive to the lip and other teeth. This problem can be solved
by creating anterior and posterior segments, using a rigid
bar to move the point of force application distal to the
center of resistance of the incisor segment, and applying
separate intrusion and retraction forces (Figure 10-45). 41

In segmented arch treatment, lingual arches are used
for stabilization in a majority of the patients, and stabilizing
wire segments in the brackets of teeth in anchor units also
are used routinely. The requirements for stabilization, of
course, are just the opposite of those for tooth movement:
the heaviest and most rigid available wires are desired. For
this reason, the 22 slot edgewise appliance is favored for seg-
mented arch treatment. The wires used for stabilizing seg-
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FIGURE 10-45

	

A segmented arch approach allows simulta-
neous retraction and intrusion of an anterior segment. A rigid bar
in the anterior segment can be extended posteriorly so that the
point of application of an intrusive force is at or distal to the cen-
ter of resistance of the incisor segment. If a cantilever spring is
used to apply an intrusive force at that point, the tendency of a re-
traction force to elongate the anterior segment can be overcome.
(Redrawn from Shroff B, Yoon WM, Lindauer SJ, Burstone CJ:
Simultaneous intrusion and retraction using a three-piece base
arch, Angle Orthod 67:455-462, 1997.)

ments usually are 21 X 25 steel, which is far too stiff for
tooth movement. Until 32 X 32 steel wires became avail-
able, the stabilizing lingual arches usually were 36 steel,
with doubled-over ends that fit into rectangular sheaths.

Typical segmented arch treatment would call for initial
alignment within anterior and posterior segments, the cre-
ation of appropriate anchorage and tooth movement seg
ments, vertical leveling using intrusion or extrusion as
needed, space closure with differential movement of ante-
rior and posterior segments, and perhaps the use of auxil-
iary torquing arches. Friction as wires slide through brack-
ets is almost always avoided, because it hampers efforts to
control anchorage and introduces almost intolerable un-
certainties into the calculation of appropriate force levels.
Continuous archwires, particularly rectangular wires, would
be reserved for the final stages of treatment when quite
small but precise movements are required.

The advantages of the segmented arch approach are
the control that is available, and the possibility of tooth
movements that would be impossible with continuous
archwires. The disadvantage is the greater complexity of
the orthodontic appliance, and the greater amount of the
doctor's time needed to install, adjust and maintain it. It is
an interesting paradox that simplifying the engineering
analysis of the appliance, by dealing insofar as possible with
identifiable one- and two-couple systems, complicates the
appliance rather than making it simpler.

The more complex segmented approach carries with
it two other potential disadvantages that must be kept in
mind. First, even with the most careful engineering analy
sis, it can turn out that something was overlooked in the
determination of the likely outcome. Obviously, that is
more likely when two-couple rather than one-couple de-
vices are employed, but occasionally the simplifications
that are part of normal engineering practice (e.g., ne-
glecting the torque that may be created within a lingual
arch bracket as tooth movement starts) can lead to sur-

prising outcomes. It remains true that the more often
something has been attempted, the more predictable the
outcome is likely to be. The application of engineering
theory to orthodontics is imperfect enough that a unique
force system for an individual patient may not produce
the expected outcome.

Second, most segmented arch mechanisms contain lit-
tle or nothing to control the distance that teeth can be dis-
placed if something goes wrong. If precisely calibrated
springs with a long range of action encounter something
that distorts them (e.g., a sticky candy bar) major problems
can occur. The mechanical efficiency of a segmented appli-
ance can be both an advantage and a disadvantage.

Continuous Arch Mechanics
Analysis of the effects of a continuous arch wire, one that is
tied into the brackets on all the teeth, is essentially impossi-
ble. All that can be said is that an extremely complex multi-
couple force system is established when the wire is tied into
place. The initial result is a small movement of one tooth.
As soon as that occurs, the force system is changed, and the
new system causes a small movement of another tooth (or a
different movement of the first tooth). Either way, the result
is still another complex force system, which causes another
movement, leading to another change in the system, and so
forth . 42 Sometimes orthodontic tooth movement is con-
ceived as a slow, smooth transition of the teeth from one
arrangement to another. Some thought about the force sys-
tems involved, particularly those with continuous arch me-
chanics, make it plain that this is far from the case. If it were
possible to take time-lapse photographs of teeth being
moved into position, we undoubtedly would see "the dance
of the teeth," as the complex force systems formed and
changed, producing varied effects in sequence. It is a saving
grace that a continuous arch wire usually does not allow the
teeth to move very far from the desired end point. In gen-
eral, the mechanical efficiency of a continuous arch wire
system is less than that of a segmented arch system, but its
fail-safe properties are better.

Even with continuous arch mechanics, major tooth
movements often are undertaken after the establishment of
identifiable segments. In adults who require intrusion of
incisors, there is no alternative to the use of a long-span
auxiliary arch wire from stabilized posterior segments, and
a one-couple intrusion arch clearly is preferable. For clo-
sure of extraction spaces, even if a continuous closing loop
wire is used, posterior stabilizing and anterior tooth move-
ment segments need to be established. Teeth may or may
not slide along an arch wire during closure of extraction
spaces, but especially when the 22 slot appliance is used
with continuous arch wires, sliding often is a major com-
ponent of the treatment mechanics.

The advantages and disadvantages of the continuous
arch approach are just the reverse of those with the seg-
mented arch approach. Continuous arch treatment is not
as well defined in terms of the forces and moments that
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will be generated at any one time, and certainly is less el-
egant from an engineering perspective. But continuous
arch wires often take less chair time because they are sim-
pler to make and install, and because they have excellent
fail-safe properties in most applications. In modern or-
thodontics, often the clinician must evaluate the trade-
off between segmented and continuous arch approaches
to specific problems. For those who use primarily the
segmented approach, some use of continuous arch wires
simplifies life. For those who use primarily continuous
arch wires, some use of the segmented approach is neces-
sary to meet specific objectives. Quite literally, you con-
sider the benefits vs. the cost (time) and risks, and take
your choice.

The development of contemporary fixed appliances
and their characteristics are discussed in Chapter 12. Clin-
ical applications of the mechanical principles reviewed in
this chapter, and further information about the use of
specific treatment methods, are provided in some detail in
Chapters 16 to 18.
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SECTION

FIXED AND REMOVABLE
APPLIANCES

Contemporary orthodontic treatment involves the use of both fixed and removable appli-
ances. Although removable appliances play only a supporting role in comprehensive

treatment now, they are an important part of preliminary treatment for preadolescents, ad-
j unctive treatment for adults, and retention for all types of patients. The indications for func-
tional appliances for growth modification are discussed in Chapter 8; Chapter 11 describes all
types of removables useful at present, with emphasis on the components approach to design-
ing functional appliances for individual patients.

Comprehensive treatment now is done with fixed attachments for all teeth, almost al-
ways using a modern edgewise appliance with offset, angulated, and torqued bracket slots to
reduce the need for routine first, second, and third order bends in arch wires. In Chapter 12,
banding and bonding as methods for attaching fixed appliances are described and illustrated,
and the characteristics of current edgewise appliances are discussed in detail.



Removable Appliances

The development of removable appliances

Functional appliances for growth modification
Categories of functional appliances
Components approach to functional appliances
Clinical management of functional appliances

Removable appliances for tooth movement
Active plates for arch expansion

Removable appliances with springs for positioning
i ndividual teeth

Clinical adjustments
Combined functional and active plate treatment

Removable orthodontic appliances have two immedi-
ately apparent advantages: they can be removed on socially
sensitive occasions, which makes them (at least initially)
more acceptable to patients, and they are fabricated in the
laboratory rather than directly in the patient's mouth, re-
ducing the dentist's chair time during the initial part of
treatment. In addition, they allow some types of growth
guidance treatment to be carried out more readily than is
possible with fixed appliances. These advantages for both
the patient and the dentist have ensured a continuing in-
terest in removable appliances.

There are also obvious disadvantages: the response to
treatment is heavily dependent on patient compliance, since
the appliance can be effective only when the patient chooses
to wear it; and it is difficult to obtain the two-point contacts
on teeth necessary to produce complex tooth movements,
which means that the appliance itself may limit the possibil-
ities for treatment. Because of these limitations, removable
appliances are most useful for the first of two phases of
treatment, and contemporary comprehensive treatment is
dominated by fixed, non-removable appliances.

THE DEVELOPMENT OF REMOVABLE
APPLIANCES

In the United States, Victor Hugo Jackson was the chief
proponent of removable appliances among the pioneer
orthodontists of the early 20th century. At that time, neither
the modern plastics for baseplate materials nor stainless
steel wires for clasps and springs were available, and the
appliances were rather clumsy combinations of vulcanite
bases and precious metal or nickel-silver wires.

In the early 1900s, George Crozat developed a re-
movable appliance fabricated entirely of precious metal
that is still used occasionally. The appliance consisted of an
effective clasp for first molar teeth modified from Jackson's
designs, heavy gold wires as a framework, and lighter gold
fingersprings to produce the desired tooth movement
(Figure 11-1). At the time the Crozat appliance was devel-
oped, a typical fixed appliance consisted of bands only on
first molars, with wire ligatures tied to a heavy labial or lin-
gual archwire to align malposed teeth by expanding the
dental arch. The Crozat appliance was a removable but
more flexible version of the same device. Its metal frame-
work and improved clasps made it greatly superior to al-
ternative removables of that time. The clasping was good
enough to allow the use of light interarch elastics, and
Class II elastics were employed with Crozat appliances to
treat Class II malocclusions.

The Crozat appliance attracted a small but devoted
following, primarily in the area around New Orleans. It is
still used by some practitioners but had little impact on the
mainstream of American orthodontic thought and practice.
From the beginning, the emphasis in American orthodon-
tics has been on fixed appliances, and the steady progres-
sion of fixed appliance techniques in the United States is
described and illustrated in Chapter 12.

For a variety of reasons, development of removable
appliances continued in Europe despite their neglect in
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FIGURE 11-1

	

Crozat appliances for the upper and lower arch.
A, Occlusal view, showing the transverse connectors that allow
lateral expansion; B, close-up of the Crozat clasps, which utilize
fingers extending into the mesio-buccal and disto-buccal undercuts.

the United States. There were three major reasons for this
trend: (1) Angle's dogmatic approach to occlusion, with its
emphasis on precise positioning of each tooth, had less
impact in Europe than in the United States; (2) social wel-
fare systems developed much more rapidly in Europe,
which meant that the emphasis tended to be on limited or-
thodontic treatment for large numbers of people, often
delivered by general practitioners rather than orthodontic
specialists; and (3) precious metal for fixed appliances was
less available in Europe, both as a consequence of the
social systems and because the use of precious metal in
dentistry was banned in Nazi Germany, forcing German

orthodontists to emphasize removable appliances that
could be made with available materials. (Precision steel at-
tachments were not available until long after World War
11; fixed appliances required precious metal.)

The interesting result was that in the 192 5 to 1965 era,
American orthodontics was based almost exclusively on the
use of fixed appliances, while fixed appliances were essen
tially unknown in Europe and all treatment was done with
removables, not only for growth guidance but also for
tooth movement of all types.

A major part of European removable appliance ortho-
dontics of this period was functional appliances for guid-
ance of growth. A functional appliance by definition is one
that changes the posture of the mandible, holding it open
or open and forward. Pressures created by stretch of the
muscles and soft tissues are transmitted to the dental and
skeletal structures, moving teeth and modifying growth.
The monobloc developed by Robin in the early 1900s is
generally considered the forerunner of all functional appli-
ances, but the activator developed in Norway by Andresen
i n the 1920s (Figure 11-2) was the first functional appliance
to be widely accepted.

Andresen's activator became the basis of the "Norwe-
gian system" of treatment. Both the appliance system and
its theoretic underpinnings were improved and extended
elsewhere in Europe, particularly by the German school
led by Haupl, who believed that the only stable tooth
movement was produced by natural forces and that alter-
ations in function produced by these appliances would give
stable corrections of malocclusion.

This philosophic approach was diametrically opposite
to that espoused by Angle and his followers in the United
States, who emphasized fixed appliances to precisely posi
tion the teeth. These opposing beliefs contributed to the
great differences between European and American ortho-
dontics at mid-20 th century.

Functional appliances were introduced into Ameri-
can orthodontics in the 1960s, largely in the beginning
through the influence of Egil Harvold after he joined the
faculty at the University of Toronto, and later from per-
sonal contact by a number of American orthodontists with
their European counterparts. (Fixed appliances spread to
Europe at the same time through similar personal con-
tacts.) A major boost to functional appliance treatment in
the United States came from the publication of animal
experiment results in the 1970s showing that skeletal
changes really could be produced by posturing the man-
dible to a new position and holding out the possibility that
true stimulation of mandibular growth could be achieved
(see Chapter 9). Although some of the enthusiasm for
functional appliance treatment caused by the favorable
animal experiments has faded in the light of less impres-
sive results from clinical trials and retrospective clini-
cal studies ' (see Chapter 8), functional appliances have
achieved a major place in contemporary growth modifica-
tion treatment.
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FIGURE 11-2

	

The Andresen-type activator is a tooth-borne
passive appliance that was the first widely used functional appli-
ance. The appliance opens the bite, and the mandible is advanced
for Class 11 correction. A, The design incorporates a labial bow
for control of maxillary anterior teeth and an acrylic cap over
the lower incisors to control both eruption and mesial movement.
B, The facets cut in the acrylic help direct eruption of the poste-
rior teeth, mesially in the lower arch and distally and buccally in
the upper arch. The lingual flange is the primary mechanism to
position the mandible.

In the European approach of the mid-20th century,
removable appliances often were differentiated into "acti-
vators," or functional appliances aimed at modifying growth,
and "active plates" aimed at moving teeth. In addition to
the functional appliance pioneers, two European ortho-
dontists deserve special mention for their contributions to
removable appliance techniques for moving teeth. Martin
Schwartz in Vienna developed and publicized a variety of
"split plate" appliances (Figure 11-3, A), which could pro-
duce most types of tooth movements. Philip Adams in
Belfast modified the arrowhead clasp favored by Schwartz
into the Adams crib, which became the basis for English
removable appliances and is still the most effective clasp for
orthodontic purposes (see Figure 11-3, B).

Within the past 20 years, the dichotomy between
European and American orthodontics has largely disap-
peared. European-style removable appliances, particularly

FIGURE 11-3

	

A, A split-plate maxillary expansion appliance
of the type popularized by Martin Schwartz in Vienna. B, This
appliance is retained by Adams clasps, which have replaced the
arrowhead clasps favored by Schwartz.

for growth modification during first-stage mixed dentition
treatment, have become widely used in the United States,
while fixed appliances have largely replaced removables
for comprehensive treatment in Europe and elsewhere
throughout the world. This trend has been accelerated by
the replacement of orthodontic bands with bonded attach-
ments, which makes the placement of fixed appliances eas-
ier for both the dentist and the patient (see Chapter 12).

At present, removable appliances are indicated primar-
ily for three major uses:

• Growth modification during the mixed dentition
• Limited (tipping) tooth movements, especially for

arch expansion or correction of individual tooth
malposition

• Retention after comprehensive treatment
The focus of this chapter is on the fabrication and

adjustment of functional appliances and active plates. The
indications for use of functional appliances in growth
modification and considerations in planning arch expan-
sion treatment are discussed in some detail in Chapter 8,
and the biologic responses that underlie growth modifica-
tion are described in Chapter 9. The clinical use of re-
movable appliances in contemporary mixed dentition
treatment is covered in Chapters 13 through 15, and re-
tention is discussed in Chapter 19.
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FUNCTIONAL APPLIANCES
FOR GROWTH MODIFICATION

Because the design and fabrication of many types of func-
tional appliances are covered in detail in a recent text de-
voted to the subject,' the goal here is to put these devices
in perspective. They are understood best when viewed as
falling into one of three broad categories, and as made up
from a set of possible components that can be combined
as needed in the design of an appliance for any individual
patient.

Categories of Functional Appliances
Passive Tooth-borne Appliances.

	

These appliances
have no intrinsic force-generating capacity from springs or
screws and depend only on soft tissue stretch and muscular
activity to produce treatment effects.

Activator.

	

The original functional appliance design
(see Figure 11-2) was a block of plastic covering the teeth
of both arches and the palate, made to fit loosely, advance
the mandible several millimeters for Class II correction,
and open the bite 3-4 mm. In addition to their effects on
jaw growth, these essentially passive appliances can tip
anterior teeth and control eruption of teeth to alter ver-
tical dental relationships. The original design had facets
or flutes (see below) trimmed into the body of the appli-
ance to direct erupting posterior teeth mesially or dis-
tally, so despite the simple design, dental relationships in
all three planes of space could be changed. In current ac-
tivator designs, flutes are replaced by a plastic shelf to im-
pede eruption of upper posterior teeth while allowing
eruption of lower posterior teeth, and lower incisors are
capped to control forward displacement of the lower arch
(Figure 11-4).

Bionator.

	

Originated by Balters and sometimes still
bearing his name, the bionator (Figure 11-5) is best de-
scribed briefly as a cut-down activator. Palatal coverage is
eliminated. As with the activator, lingual flanges stimulate
forward posturing of the mandible and shelves or blocks
between the teeth provide vertical control.

Herbst Appliance.

	

This device (Figure l l-6), devel-
oped in the early 1900s and reintroduced in the 1970s by
Pancherz, can be either a fixed or removable appliance.
The maxillary and mandibular arches are splinted with
frameworks that usually are cemented or bonded but can
be removable, and connected with a pin-and-tube device
that holds the mandible forward. Occasionally a modifi-
cation of this appliance is superimposed on traditional
fixed appliances (see Chapter 17). Jaw position is con-
trolled by a pin and tube apparatus that runs between the
arches. Pressure against the teeth can produce significant
tooth movement in addition to any skeletal effects and,
even if the appliance is fixed in place, the amount of skele-
tal vs. dental change is affected by patient compliance (see
Chapter 9).

FIGURE 11-4

	

A, This Woodside-type activator has a modest
vertical opening and the mandible is advanced so that the incisors
are in an edge-to-edge relationship for Class 11 Correction. The
maxillary posterior teeth are prevented from erupting by the
acrylic shelf, while the mandibular posterior teeth are free to
erupt; thus the appliance will induce a rotation of the occlusal
plane, which usually is desirable in functional appliance treatment
because it makes it easier to change a Class II to a Class I molar
relationship. B, This appliance also has a deep lingual flange ex-
tension and a displacement spring on the upper first molars,
which requires the patient to actively maintain the appliance in
the proper position. It was once thought that a loosely-fitting ap-
pliance contributed to activation of the mandibular musculature,
but research has not supported this concept, so modern activators
are more likely to incorporate clasps than displacing springs.

Twin Block. This appliance (Figure 11-7), recently
popularized by Clark, is a modification of the Schwartz
double plate mechanism. Like the Herbst, although it can
be used as either a removable or cemented device, it is
most effective when fixed in place. Its maxillary and
mandibular portions are configured so the interaction of
the two parts controls how much the mandible is postured
forward and how much the jaws are separated vertically.
This is similar to the Herbst appliance in that pressure
against the teeth rather than the mucosa is employed to
bring the jaw forward. Relief or presence of the plastic
blocks can control eruption of the anterior and posterior
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FIGURE 11-5

	

The Balters-type bionator is another of the
tooth-borne passive appliances. A, This appliance uses a lingual
flange to regulate the posture of the mandible and usually incor-
porates a buccinator wraparound as an extension of the labial bow.
B, The design, which removes much of the bulk of the activator,
can include posterior facets or acrylic occlusal stops to control the
amount and direction of eruption.

FIGURE 11-6

	

The Herbst appliance is the only fixed func-
tional appliance. The maxillary and mandibular splints usually are
cemented or bonded to the teeth (but can be removable and clasp-
retained). The upper and lower splints are joined by the pin and
tube apparatus that dictates the mandibular position.

teeth, and extraoral force can be applied to the maxillary
portion of the appliance. The appliance has the advantage
of allowing nearly a full range of mandibular movement,
easy acclimation and reasonable speech, so that it can be
worn most of the time. The greatest disadvantage is that

FIGURE 11-7

	

The twin-block appliance consists of individ-
ual maxillary and mandibular plates with ramps that guide the
mandible forward when the patient closes down. A, Maxillary and
mandibular appliances outside the mouth; B, arch relationships
when the plates first contact; C, arch relationships as the ramps
force the mandible forward as the patient closes down.

displacement of incisors can occur freely despite the
absence of active springs or screws.

Active Tooth-borne Appliances.

	

These are largely
modifications of activator and bionator designs that include
expansion screws or springs to move teeth (expansion acti
vator, orthopedic corrector, sagittal appliance, any number
of activators carrying the developer's name, and many oth-
ers) (Figure 11-8).

In the correction of a Class II malocclusion, some
transverse expansion of the upper arch is nearly always
needed, as can be seen by having the patient hold the lower
jaw forward in a Class I position; a crossbite tendency is
usually apparent. The springs or screws in active functional
appliances were added to the basic design in some instances
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FIGURE 11-8

	

The expansion activator and orthopedic corrector are examples of active tooth-
borne appliances. A and B, The expansion activator resembles the classic activator design with the ad-
dition of anterior and posterior screws to facilitate transverse expansion. This modification also re-
quires posterior clasps to aid in retention. Note the minimal lingual flanges. The posterior occlusal
stops can be modified to direct eruption. C and D, The orthopedic corrector is closer in design to the
bionator but it incorporates a wire bow for transverse expansion and screws for intra-arch expansion.
The sagittal appliance is similar in that it also contains screws in the canine-premolar region to in-
crease arch length. These screws produce much more forward tipping of incisors than posterior move-
ment of molars and also create unphysiologic force levels. Although appliances of this type were fre-
quently used in Europe a generation ago, they have little or no place in contemporary orthodontics
and are not recommended.

to provide this expansion, but in many appliances an addi-
tional goal was further expansion of the upper and lower
arches to correct crowding.

In functional appliance treatment of preadolescent
children, anteroposterior movement of upper and lower in-
cisors to camouflage jaw discrepancies almost always is un
desirable. Every millimeter of incisor tipping (camouflage)
is a millimeter of potential skeletal correction that has been
lost. This means that active springs for camouflage are
likely to detract from the overall effectiveness of growth
modification treatment. Springs and screws for transverse
expansion to correct crowding also can produce unstable
results and should be used cautiously (see Chapter 8 and
the discussion of combined functional-active plate treat-
ment at the end of this chapter).

Tissue-borne Appliances.

	

The functional regulator
of Frankel is the only tissue-borne functional appliance
(Figure 11-9). A small pad against the lingual mucosa be
neath the lower incisors stimulates mandibular reposition-
ing. Much of the appliance is located in the vestibule, how-
ever, and it alters both mandibular posture and the contour
of facial soft tissue. It serves as an arch expansion appliance
in addition to its effects on jaw growth because the arches
tend to expand when lip and cheek pressure is removed.

Components Approach to Functional
Appliances
Each functional appliance, no matter what name it carries,
is simply a melding of wire and plastic components. If
one understands the different component parts of these
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FIGURE 11-9

	

The Frankel appliance is the only tissue-borne
functional appliance. A, With the mandible postured forward
for Class 11 correction, there usually is less vertical opening than
with other functional appliances. B, The large buccal shields and
lip pads reduce soft tissue pressure on the dentition; the lingual
pad dictates the mandibular position. The appliance looks bulky,
but for the most part it is restricted to the buccal vestibule, and
therefore it interferes less with speech and is more compatible
with 24-hour wear than most other functional designs.

FIGURE 11-10 The components approach to functional
appliance design is particularly apparent in an appliance for treat-
ment of asymmetric growth. This appliance uses buccal and
lingual shields on the right side, with the teeth free to erupt on
that side, and a bite block anteriorly and on the left.

appliances and how the components translate into treat-
ment effects, it is possible to plan functional appliance
treatment by combining the appropriate components to
deal with specific aspects of the patient's problems. This
approach demands more knowledge and thought during
treatment planning and appliance design, but should lead
to more appropriate treatment for the patients. This can
be described as the components approach to functional
appliance therapy.

The components approach leads to custom-designed
appliances for individual patients, so that the therapy is
focused on that patient's specific problems. Appliance de
signs for asymmetry problems are particularly likely to
end up quite different from any conventional design (Fig-
ure 11-10), but subtle variations in the appliance for com-
mon Class 11 problems can enhance treatment.

Functional and tooth-controlling components are listed
and briefly annotated in Table 11-1. The functional com-
ponents generate forces by altering posture of the man
dible, changing soft tissue pressures against the teeth, or
both. Although the functional components are the heart of
the device, often they are only a small portion of the total
appliance, the bulk of which is devoted to controlling the
position of the teeth.

TABLE 11-1

	

Functional Appliance Components



Functional Components.

	

In most functional appli-
ances, flanges against the alveolar mucosa below the

mandibular molars or lingual pads contacting the tissue be

hind the lower incisors provide the stimulus to posture the

mandible to a new position (Figure 11-11). Growth modi-

fication is most effective if the patient uses his or her own

musculature to posture the mandible forward, as opposed

to the mandible being held forward by external pressure

while the patient relaxes. Note that contact of the pad or
flange with soft tissue, not the teeth, is the key to mandibu-

lar repositioning. If the lingual component of the appliance

contacts the mandibular incisors, it also can produce a labi-

ally directed force against these teeth as the mandible at-

tempts to return to normal resting posture. For this reason,

activators and bionators usually are relieved behind the
lower incisors.

Ramps supported by the teeth are another mechanism

for posturing the mandible forward. It is much better to

have two ramps in contact, as in the twin block appliance

(see Figure 11-7), than to have the lower anterior teeth

contact a ramp only on the upper appliance. Even so, an
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undesirable amount of tooth movement is likely to occur

because of direct pressure against the teeth.

The sliding pin and tube components of the Herbst ap-

pliance also force the mandible to be positioned forward by

holding the teeth (see Figure 11-6). If the appliance is

bonded or cemented, this approach has the advantage that

the postural change is permanent (at least until the dentist

removes the appliance) and the disadvantage that pressure

against the teeth, which produces compensatory incisor

movements, cannot be avoided.
If a vertical and/or distal extraoral force is desired, a

facebow can be fitted into headgear tubes attached to almost

any type of tooth-borne functional appliance (i.e., almost

anything except a Frankel appliance) (see Figure 11-16).

This application of extra-oral force is especially useful for

patients with a combination of mandibular deficiency and

vertical maxillary excess who have a growth pattern in which

the mandible tends to rotate downward and backward.

Lip pads positioned low in the vestibule (Figure 11-12)

force the lip musculature to stretch during function, pre-

sumably improving the tonicity of the lips and perhaps

FIGURE 11-11 The lingual pad or flange determines the anteroposterior and vertical
mandibular posture for most functional appliances. A, The small lingual pad from a Frankel appli-
ance; B, the extensive lingual flange from a modified activator; C, the lingual components not only
position the mandible forward but, D, also exert a protrusive effect on the mandibular incisors
when the mandible attempts to return to its original position, especially if some component of the
appliance contacts these teeth.
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FIGURE 11-12

	

Lip pads hold the lips away from the teeth and
force the lips to stretch to form an oral seal. The lip pad is posi-
tioned low in the vestibule and must have the proper inclination
to avoid soft tissue irritation.

FIGURE 11-13

	

A, A buccal shield holds the cheek away from
the dentition and, B, facilitates posterior dental expansion by dis-
rupting the tongue-cheek equilibrium. The shield is placed away
from the teeth in areas where arch expansion is desired. If the shield
is extended to the depth of the vestibule, there is the potential for pe-
riosteal stretching that facilitates deposition of bone (dashed arrows).

promoting some soft tissue remodeling that would con-
tribute to stability of changes in incisor position. As func-
tional components, they are best considered an adjunct to
the mandibular repositioning mechanism rather than a pri-
mary component of it.

Tooth-Controlling Components.
Arch Expansion Components.

	

Plastic buccal shields
(Figure 11-13) and wires to hold the soft tissues away from
the teeth like the buccinator bow shown in Figure 11-14, A,
are used to remove the buccal soft tissue from contact with
the dentition. The effect is to disrupt the tongue-cheek
equilibrium, and this in turn leads to facial movement of the
teeth and arch expansion. A combination of lip pads and
buccal shields will result in an increase in arch circumfer-
ence as well. The plastic buccal shield is more effective in
producing buccal expansion than wires to hold the cheeks
away from the teeth.

Expansion screws and springs can be used to actively
increase the transverse dimension of the arches or to mod-
ify the anteroposterior dimension of the appliance (see Fig
ure 11-8). They generate tooth-moving forces within the
appliance, beyond those generated by the patient's soft tis-
sues and function, and are discussed in more detail in the
section on active plates at the end of this chapter. As a gen-
eral guideline, passive expansion achieved from changing
soft tissue pressures is preferred over active expansion dur-
ing functional appliance treatment whose primary aim is to
modify growth.

Vertical Control Components.

	

When acrylic or wire
is placed in contact with a tooth and the vertical dimension
is opened past the normal postural position, the stretch of
the soft tissue will exert an intrusive force on the teeth (Fig-
ure 11-15). Intrusion usually does not occur, probably be-
cause the force is not constant, but if the patient wears the
appliance most of the time, eruption is impeded. Thus the
presence or absence of occlusal or incisal stops, including

FIGURE 11-14 A, In this bionator, a "buccinator bow" of
wire facial to the premolars provides something of the same effect
as a plastic buccal shield (but is less effective for that purpose.)
B, A lingual shield restricts the resting tongue (and thumbs, fin-
gers, and other foreign objects) from the position between the
teeth. The acrylic shield is placed behind the anterior teeth, leav-
ing the anterior teeth free to erupt while (typically) the posterior
teeth are blocked.
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bite blocks, provides a way to control the vertical position
of anterior or posterior teeth, allowing teeth to erupt where
this is desired and preventing it where it is not.

Lingual shields remove the resting tongue from be-
tween the teeth (see Figures 11-10 and 11-14, B). This has
the effect of enhancing tooth eruption. A lingual shield is
particularly important if eruption of posterior teeth is de-
sired on one side but not the other. Since teeth erupt
mostly at night, if the patient can place the tongue between
the teeth during sleep, eruption is likely to be impeded.

Stabilizing Components.

	

An assortment of clasps
can be used to help retain a functional appliance in position
in the mouth (Figure 11-16, see also the discussion of clasps
for active plates, on p. 3 80). Although it was thought in the

early days of functional appliances that a loose fit was im-
portant and therefore clasps were contraindicated, it is
clear now that growth effects with and without clasps are
remarkably similar. Clasps often help the first-time wearer
to adapt to the appliance. They can be used initially and
then removed or deactivated, if desired, when the patient
has learned to wear the appliance.

The labial bow across the maxillary incisor teeth that
is included in many functional appliances should be con-
sidered and managed as a stabilizing component in almost
all instances. Its purpose is to help guide the appliance into
proper position, not to tip the upper incisors lingually. For
this reason the labial bow is adjusted so it does not touch
the teeth when the appliance is seated in position. Even

FIGURE 11-15

	

Incisal and occlusal stops control eruption of anterior and posterior teeth,
respectively. A, The acrylic above and in front of the incisal edges prohibits eruption of these
incisors; B, incisal stops can extend to the facial surface and control the anteroposterior in-
cisor position, as shown for the upper arch in this diagram and for the lower arch in A; C, pos-
terior stops can be constructed of wire or, D, acrylic; E, this positioning of the occlusal stops
inhibits maxillary eruption but allows mandibular teeth to erupt; F, the complete acrylic pos-
terior bite block, G, eliminates both maxillary and mandibular eruption and is extremely use-
ful in controlling vertical facial dimensions.



374

	

SECTION V

	

Fixed and Removable Appliances

FIGURE 11-16

	

The Stockli-type activator is used in conjunction with high-pull headgear and
incorporates torquing springs to control lingual tipping of the upper incisors. A, The vertically-
oriented springs contact the incisors near the cervical line, while the incisal edge of these teeth is
prevented from moving lingually by the acrylic. This creates the couple needed for bodily move-
ment or torque of the incisors. B, A facebow placed in the tubes augments horizontal restriction
of maxillary growth and controls descent of the maxilla. The clasps add retention, which is needed
to help maintain the torquing springs in position. With an appliance of this type, posterior bite
blocks can be used to prevent eruption in both arches in open bite patients, or the acrylic can be
trimmed as illustrated here, to allow mandibular but not maxillary posterior teeth to erupt.

then it often contacts them during movement or displace-
ment of the appliance. Undesirable lingual tipping of
incisors during functional appliance wear, therefore, usu-
ally reflects a failure of the child to keep the mouth closed
while wearing an appliance with a labial bow.

Torquing springs, which contact the incisors in the cer-
vical third, are aimed at counteracting the tipping move-
ment often produced by a labial bow (see Figure 11-16).
They are considered particularly important when extrao-
ral force is used against an activator or bionator (see
Chapter 15).

Clinical Management of Functional
Appliances

Impressions.

	

The impressions for functional appli-
ance fabrication differ somewhat from those for orthodon-
tic diagnostic records in two important ways:

1. Areas where appliance components will contact soft
tissues must be clearly delineated. Most appliances
use contact with the lingual mucosa to stimulate
forward posturing, so usually this is the critical area.
The impression must include the alveolar process
below the lower molars if long lingual flanges are to
be employed.

2. The impression must not stretch and excessively
displace soft tissues in an area of contact with the
appliance. This is critical when lip pads and buccal
shields are planned. Too much extension of the im-
pression will result in pads and shields that are too
long and will cause soft tissue irritation and ulcera-
tion when the appliance is worn.

Bite Registration.

	

The construction bite for a func-
tional appliance for Class 11 patients advances the mandible
so that the condyles are out of the fossae and separates

the jaws by a predetermined amount. In theory, small
increments of mandibular advancement should produce a
greater skeletal effect relative to the dental effects by min-
imizing pressures against the teeth. For this reason,
Frankel has been the strongest advocate of small advance-
ments and minimal vertical separation of the jaws. z In clin-
ical practice, however, how far the mandible is advanced
seems to make little or no difference in the response, up to
a limit of 7 to 8 mm. 3 Greater advancement than that leads
to patient discomfort, which can reduce compliance. For
most patients, we recommend limiting the initial advance-
ment to 4 to 6 mm.

The vertical opening depends on the appliance design
and purpose. The minimum opening, typically used with
the Frankel appliance, is 3 to 4 mm. This amount of space
is necessary for the connectors between the facial and lin-
gual components of the appliance. With interocclusal stops
or facets to guide eruption, 4 to 5 mm are needed, and if
bite blocks to limit posterior eruption are planned, 5 to 6
mm of separation are needed.

To take the bite impression, it is better to use a wax that
is relatively hard when chilled. Tongue blades embedded in
the wax can be used to control the vertical separation and
provide an indicator of the amount of advancement (Figure
11-17), unless even a single tongue blade would produce
too much separation.

Decisions on Appliance Design.

	

The components
approach suggests that there is no ideal appliance that can
be used in all situations, nor is there necessarily a single op
timum appliance design for a specific malocclusion. How
the possible components should be put together is deter-
mined by two things: (1) exactly what is desired in the treat-
ment, and (2) practical considerations of cost, complexity,
and acceptability of the appliance to the patient. As a gen-
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FIGURE 11-17

	

The construction bite for a functional appliance typically
advances the patient from the initial occlusal relationship (A) by 4 to 6 mm, to
a Class I molar relationship (B). One convenient way to control the vertical sep-
aration of the jaws in the construction bite is to use one or more tongue blades,
so that when the patient closes as far as the tongue blades will allow, the molars
are separated by the desired distance. A notch in the tongue blade also can be
used to help the patient find the correct advancement. In normal clinical use, a
single tongue blade would be employed for a patient with a bite as deep as this
one, so that vertical separation was limited to about 4 mm.

eral rule, it is better to use contact of lingual flanges with
the soft tissue to produce forward posturing of the
mandible, rather than pressure against the teeth. The rea-
son is simple: pressure against the teeth leads to camou-
flage-type tooth movement, which is usually undesirable.
For the same reason, active elements within a functional
appliance must be considered as having the potential to di-
minish, not augment, the growth modification desired
from treatment.

As a general rule also, simple and sturdy functional ap-
pliance designs are more effective than complex and fragile
ones. Preadolescent children are not known for their gen
tle treatment of appliances; if something can be broken eas-
ily, it will be. The original activators have a significant ad-
vantage from this perspective.

Vertical control always is a key element, and one of
the advantages of functional appliances is the control of
eruption they provide. Blocking the eruption of some
teeth and allowing the eruption of others is the key to cor-
recting deep bite or open bite problems. A major indica-
tion for using extraoral force with a functional appliance
is a severe long-face open bite problem (see Chapters
8 and 15).

Finally, acceptability to the patient is critical. If the
child cannot be persuaded to wear the appliance regularly
for at least half the time, growth modification is unlikely to
succeed. What one child accepts willingly, another may
not; sometimes a child who reacts poorly to a tooth-borne
appliance will wear a tissue-borne design, and vice versa.
One important factor in acceptability is the extent of inter-
ference with speech, which can make full-time wear im-
possible. The original activators do interfere with speech;

removing the palatal plastic and making the appliance less
bulky helps significantly (while also making the appliance
more fragile, of course). From this perspective, the biona-
tor design is better; twin blocks or Frankel appliances pro-
duce even less interference with speech and can be quite
compatible with full-time wear.

Appliance Adjustments.

	

Clinical adjustment of a
functional appliance depends on its components and pur-
pose. Typical adjustments include (1) trimming of inte
rocclusal elements to allow teeth to erupt where desired.
Often the lower molars should erupt to level the lower
arch and facilitate Class II correction, while other teeth
are prevented from erupting (see Figures 11-2 and 11-4).
Then a clinical adjustment to clear appliance material
from their eruption path is important; (2) adjustment of
the labial bow, almost always to reduce its contact with
the anterior teeth, not to increase it; and (3) outward
bending of buccal shields and lip pads, to facilitate arch
expansion.

Clinical adjustment of the amount of mandibular ad-
vancement may or may not be practical, depending on the
method for advancement that was chosen. With lingual
flanges, a new construction bite and new appliance is the
best way to produce a further advancement. The Frankel
appliance can be sectioned so that its lingual pad slips fur-
ther forward and cold-cure acrylic is added in the gap
(Figure 11-18), but the fit of the appliance may be com-
promised and many clinicians prefer to make a new ap-
pliance when more advancement is needed. With the
Herbst appliance, increments of advancement can be pro-
duced readily by adding spacers to the sliding pin and
tube assembly.
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FIGURE 11-18

	

Both the Frankel and Herbst appliances can be adjusted to increase the
amount of mandibular advancement. The Frankel appliance is cut as shown (A), and the lip pads
and lingual pad are slipped anteriorly (B), guided by the wire embedded in the appliance during
its construction. The Herbst appliance (C) is advanced further by placing a sleeve (D and E) over
the rod that connects the upper and lower portions of the appliance.

REMOVABLE APPLIANCES
FOR TOOTH MOVEMENT

Tooth movement with removable appliances almost always
falls into one of two major categories: (1) arch expansion, in
which groups of teeth are moved to expand the arch
perimeter; and (2) repositioning of individual teeth within
the arch.

Active Plates for Arch Expansion
The indications for arch expansion as a method of treat-
ment for crowding and malalignment of teeth are pre-
sented in Chapters 7 and 8. Obviously, a careful diagnostic
evaluation is required to summarize all the characteristics
of an individual malocclusion, and the treatment plan must
be calculated to achieve maximum benefit for the patient.
It is neither wise nor practical to reduce the diagnosis and
treatment planning to simple generalities. However, the

greater the crowding, the greater the chance of relapse
after expansion treatment, and the greater the chance that
reducing the amount of tooth structure would produce a
better long-term result. Active plates therefore are most
useful when only a few millimeters of space are needed.

The framework of an active plate is a baseplate made
from acrylic or a similar (perhaps thermoplastic) material.
This serves as a base in which screws or springs are embed
ded and to which clasps are attached. The active element of
an expansion plate is almost always a jackscrew placed so
that it holds the parts of the plate together. Opening the
screw with a key then separates the sections of the plate.
The use of a screw offers the advantage that the amount of
movement can be controlled, and the baseplate remains
rigid despite being cut into two parts. The disadvantage is
that the force system is very different from the ideal one for
moving teeth. Rather than providing a light but continuous
force, activation of the screw produces a heavy force that
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FIGURE 11-19

	

A Schwartz-type active plate, with a screw, is
being used to move the maxillary incisors forward, to correct an
anterior crossbite. An active plate of this type, though reasonably
effective in tipping the incisors forward, must be activated very
slowly to prevent excessive force against the teeth and displace-
ment of the plate. From a biological perspective, the force system
is just the reverse of an ideal light continuous force.

FIGURE 11-20

	

The "Y plate" designed by Schwartz to si-
multaneously expand the maxillary posterior teeth laterally and
the incisors anteriorly. As with all screw-activated appliances,
very slow and careful activation of the screws is required. As a
general rule, appliances of this type are no longer recom-
mended.

decays rapidly, and rapid reactivation of the appliance has
the potential of damaging the teeth.

When a screw is used to apply force against a group of
teeth, however, the amount of force felt by any individual
tooth is reduced. In addition, even with the best clasps, if
the force levels become too high, the appliance is likely to
be displaced before damage can occur. This displacement is
the most common problem with expansion plates: activat-
ing the screw too rapidly results in the appliance being pro-
gressively displaced away from the teeth rather than the
arch being expanded as desired.

Most screws open 1 mm per complete revolution, so
that a single quarter turn produces 0.2 5 mm of tooth move-
ment. The rate of active tooth movement should not ex
ceed 1 mm per month. The screw to activate a removable
appliance to expand the maxillary arch should under no cir-
cumstance be activated more than twice a week, a rate that
would produce movement of 1 mm per month bilaterally.
With the plates of this type, it is usually preferable to place
the appliance in the mouth, turn the screw with the appli-
ance held firmly in position, and not remove it for several
hours after activation. This maximizes the chance that the
removable appliance will continue to fit.

Anterior Expansion of Maxillary Incisors.

	

One of
the simplest uses of an active plate for expansion is to cor-
rect a maxillary anterior crossbite when there is room to ac
commodate the teeth in their appropriate positions within
the arch (Figure 11-19). If this is done in an adult, usually
it is necessary to bring the baseplate material up over the
occlusal surface of the posterior teeth, to separate the teeth
vertically, and allow clearance for the upper incisors to
move out of crossbite. In a child, these posterior bite blocks
may not be necessary.

Retention for a plate of this type sometimes can be ob-
tained simply by allowing the baseplate material to flow
slightly into buccal and lingual undercuts. Alternatively

and more typically, clasps are incorporated, which extend
into buccal undercuts of posterior teeth. A screw behind
the incisors completes the appliance.

Transverse Expansion of the Arches. The most
common circumstance in which arch expansion is appro-
priate is a constricted maxillary arch, with a tendency to
ward crossbite. An active plate split in the midline (see
Figure 11-3) will expand the arch almost totally by tipping
the posterior teeth buccally, not by opening the mid-palatal
suture and widening the maxilla itself. For this reason, re-
movable plates are not indicated for skeletal crossbites or
for dental expansion of more than 2 mm per side. Excellent
clasping is required to prevent displacement of the plate.

Lateral expansion of the mandibular arch with a re-
movable appliance is much more difficult than maxillary
expansion, because the screw must be placed more anteri
orly. Expanding the mandibular intercanine distance with
an anteriorly positioned screw in a removable appliance is
not recommended, because the force is concentrated
against the incisor and canine teeth so that excessive forces
easily can be produced, and because mandibular interca-
nine expansion is notoriously unstable.

Simultaneous Anterior and Posterior Expansion.
It is also possible to expand, particularly in the maxillary
arch, by dividing the baseplate into three rather than two
segments. This design was the basis of Schwartz's original
"Y plate," used to simultaneously expand the maxillary
posterior teeth laterally and the incisors anteriorly (Figure
11-20). If plates of this type are activated slowly and care-
fully, they can be quite effective in arch expansion. The ma-
jor problem with such a plate, as with any screw-activated
device, is the heavy intermittent force system, which re-
quires slow and careful tooth movement.

A variant of the Y plate divides the baseplate into only
two sections, one large and one small (Figure 11-21). With
an asymmetrically divided plate, activation of the screw will
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FIGU RE 11-21

	

A variant of the Y plate, used to produce more
expansion on the left than the right side in this patient with a uni-
lateral crossbite tendency. Differential expansion occurs because
the teeth on the patient's left side, adjacent to the small section of
the plate, receive more force from opening the screw than teeth
adjacent to the large segment. A, Appliance before insertion;
B, intraoral view of a similar appliance after some expansion;
C, crossbite partially corrected.

produce more force per unit area in the smaller baseplate

segment than in the larger, and therefore there should be
more movement of the teeth in the small segment. Carrying

this idea to an extreme would lead to putting a single tooth

in the small segment, with all other teeth contained in the

large segment. This approach is not recommended, how-

ever, because too much force is produced by an activation if

it is concentrated against a single tooth. The practical limit

for the number of teeth in a small segment is two or three.

As a general rule, springs rather than screws should be used

if the movement of only one or two teeth is required.

It is also possible to use a split-plate design and a screw

to expand an arch in an anteroposterior direction, as for ex-

ample with an appliance to open space for a blocked out ca-

FIGURE 11-22

	

Maxillary removable appliance with a lingual

spring to move one lateral incisor labially and a Hawley-type labial
bow to control the amount of labial movement. The Hawley labial
bow is characterized by the loops in the canine region; it can be at-
tached into the baseplate distal to the canines or soldered to clasps
on the molars, as illustrated here. As a design principle, an active

component of a removable appliance should be restrained by the
baseplate or by a restraining wire after the desired tooth movement
has occurred; the labial bow here is the restraining wire.

nine or a premolar. The same objection to screws applies to

this circumstance: the force is concentrated on too few

teeth, and is just the opposite of what is desired for physio-

logic tooth movement. For this reason, screw-activated ap-

pliances cannot be recommended for intra-arch expansion.

Using a screw for this purpose is at best obsolete and at

worst positively dangerous.

All split-plate appliances produce only tipping tooth

movement, because the edge of the plate contacts each

tooth at only one point. There is no practical way to pro

duce the couple necessary for labial or buccal root torque

(see Chapter 10). Even when tipping is an acceptable result

in expansion, a fixed appliance with only a few teeth banded

(i.e., a lingual arch) produces similar effects and is often a

better choice. Removable expansion plates, in short, have

limited indications in children and adults.

Removable Appliances with Springs
for Positioning Individual Teeth
In contrast to the heavy, rapidly decaying forces produced

by a screw, nearly optimum light continuous forces can be

produced by springs in a removable appliance. Like the

edges of an active plate, however, these springs contact the

tooth surface at only one point, and it is difficult to use

them for anything but tipping tooth movements. The

guideline for tooth movement with a spring from a remov-

able appliance therefore is that this is acceptable for a few

millimeters of tipping movement. Root control is needed

for more than 3 to 4 mm of crown movement.

One possible use of a removable appliance is to retract

flared incisors, and for this purpose, a long labial bow with

loops for greater flexibility and adjustment is normally

used. The classic labial bow with loops in the canine re-

gions bilaterally was designed by Charles Hawley in the

1920s (Figure 11-22), and a removable appliance incorpo-

rating it is still often called a Hawley appliance or (since it
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FIGURE 11-23

	

A variety of springs for possible use with a removable appliance:
A, helical spring for distal tipping of a molar; B, double helical spring for labial tipping of a
lateral incisor; C, paddle spring for labial movement of an incisor (note that this design pro-
vides better control over the position of the part of the spring that contacts the tooth, at the
cost of greater potential occlusal interference); D, buccal loop spring, to tip a canine lin-
gually. The attachment portion of a spring of this type must be contoured carefully as it ex-
tends into the baseplate so that it does not interfere with the desired tooth movement.

is frequently used as a retainer after comprehensive treat-
ment) a Hawley retainer. A wire labial bow is usually in-
cluded in removable appliances even if there is no desire to
reposition the anterior teeth, because it provides some an-
terior stabilization for the appliance and helps control the
position of incisor teeth that are not meant to be moved
(see Figure 11-22).

Spring Designs for Individual Teeth.

	

In designing
springs to move a tooth facially, lingually, or mesio-distally
within the arch, two important principles must be kept in
mind: (1) the design must ensure adequate springiness and
range while retaining acceptable strength. This usually
means using recurved or looped wires for additional length;
and (2) the spring must be guided so that its action is ex-
erted only in the appropriate direction.

Because smaller wires are not strong enough, it is un-
wise to fabricate springs for removable appliances from
steel wire smaller than 20 mil (0.5 mm); larger diameter
wires usually are preferred. In general, it is better to use a
larger wire for its (considerably) greater strength, and then
gain springiness and range by increasing the length of the
spring, than to use a smaller wire initially. Examples of
springs for specific purposes are shown in Figure 11-23.

The major problem with long flexible springs is that
the spring can deflect three-dimensionally even though
tooth movement in only one direction is usually desired.
For instance, if a spring is placed against a lingually posi-
tioned incisor, it will be ineffective if it distorts vertically,

FIGURE 11-24

	

The end of this helical spring to tip the first
premolar posteriorly is held in position because it engages the
inesial undercut of the premolar. Placing the end of the spring in
an undercut also aids in retention of the appliance, whereas a spring
not held in position tends to displace itself and the appliance.

sliding down the lingual surface toward the incisal edge.
This is a problem with any spring against any tooth surface:
unless the spring remains in its planned position, its action
will be unpredictable.

This difficulty can be overcome in three ways:
1. Place the spring in an undercut area of the tooth, so

that it cannot slip toward the occlusal surface (Fig-
ure 11-24). The spring may then have an extrusive
as well as a horizontal component of force, but this
usually does not cause a practical problem. For pos-
terior teeth, this is the preferred solution.
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2. Use a guide to hold the spring in its proper position
(Figure 11-25). This approach is often necessary
with active springs to move canines and incisors
labially, because no undercuts are available on the
lingual surface. The guide can be either a rigid wire
over the spring, or a shelf of baseplate material
extending over the top of the spring to prevent its
displacement (see Figure 11-22).

3. Bond an attachment to the tooth surface to provide
a point of positive attachment for the spring. This
approach is more practical now than it was before
the development of modern bonding materials. On
the other hand, it is no more difficult to bond a
bracket for fixed appliance technique than to bond
a stop against which a removable spring would rest.
Tooth movements that can be accomplished with
removable appliances only by bonding attachments
for springs, in other words, may be an indication for
using a fixed appliance technique.

The problem of controlling exactly where a spring con-
tacts a tooth, more than any other factor, makes it difficult
to control root position in removable appliance treatment.
As an example, consider the problem of torquing a maxillary
central incisor with a removable appliance. To move the
root back while maintaining the crown in approximately the
same position, it is necessary to generate a moment by ap-
plying two forces against the crown of the tooth. If a spring
is applied from the lingual against the incisal edge, while a

FIGURE 11-25

	

A long spring requires a guide to hold the
spring in proper position. A, Wire guide for spring to tip the up-
per incisors forward. If a removable appliance is used to tip in-
cisors for correction of an anterior crossbite, a spring of this type,
rather than the screw arrangement shown in Figure 11-19, is pre-
ferred. B, Wire guide for spring to tip upper molar distally.

wire bow contacts the middle or gingival portion of the
labial surface, the necessary force system can be achieved
(see Figure 10-19). It is almost impossible to keep the lin-
gual spring from slipping out of position without bonding
material to the lingual surface, creating a ledge toward the
incisal edge into which the spring can fit securely.

Exactly the same problems arise if spaces within the
arch are closed using a removable appliance. It is possible,
with a removable appliance, to tip teeth together at an ex
traction site or large diastema but virtually impossible to
generate the moments necessary for proper root parallel-
ing. In theory, one could place a spring on each side of the
teeth being moved together, one high and the other low, to
create a root paralleling moment (Figure 11-26). In prac-
tice, it is difficult to keep the springs in position without ei-
ther notching the teeth or bonding an attachment. Fur-
thermore, the forces necessary to generate the moments
are high enough that it is very difficult to keep them from
displacing a removable appliance. Using screws instead of
springs, so that a section of the baseplate contacts the teeth,
slightly improves the ability to control the point of force
application. This does not overcome the other disadvan-
tages, however, and introduces the additional complication
of inappropriate force magnitude and duration. This in-
ability to control root position is a major limitation of ac-
tive removable appliances. If tooth movement require-
ments go beyond simple tipping of teeth, a fixed rather
than removable appliance is almost always indicated.

Clasps.

	

Retention of an active appliance is critical to
its success. The best springs are ineffective if the appliance
becomes displaced. It is probably fair to say that clasps are
even more important than springs in determining how well
a removable appliance performs clinically.

Adams Clasp.

	

By far the most useful and versatile
clasp for contemporary removable appliances is the Adams4

crib. This clasp, a modification of Schwartz's arrowhead
clasp, is designed to engage the mesio-buccal and disto-
buccal undercuts of individual posterior teeth. It has the
significant advantage over the arrowhead clasp that it does
not tend to separate the teeth, and it has excellent reten-
tive properties.

FIGURE 11-26

	

Diagrammatic representation of the spring
assembly necessary for bodily retraction of a canine with a re-
movable appliance. The mesial spring exerts a heavier force than
the distal spring, leaving a net force to move the canine distally,
while the couple necessary for control of root position is created
by the opposing action of the two springs. Although bodily move-
ment with a removable appliance is theoretically possible with
spring arrangements of this type, the spring adjustments and clasp
arrangements become too complex for practical clinical use. A
fixed appliance is necessary if bodily tooth movement is needed.
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The Adams clasp is made of 28 mil (0.7 mm) wire,
except that 24 mil (0.6 mm) wire is preferred for clasps on
canines. The first step in fabricating an Adams clasp, es
tablishing the distance between the retentive points, is crit-
ically important, because there is no way to compensate for
a significant error. Partially preformed clasps with varying
bridge lengths and preformed retentive points are available
commercially, but the clasp must be fabricated individually
from that point.

The retentive points of the clasp must fit well into the
undercuts for good retention. When this clasp is used for

children, it may be necessary for the points to slip slightly
into the gingival crevice. This step is accomplished by
trimming away stone interproximally on the laboratory
cast, so that the clasp can fit far enough down the tooth.
Steps in the fabrication of an Adams clasp are illustrated
in Figure 11-27.

When a new removable appliance is received from the
laboratory, or when a patient returns for adjustments, it is
often necessary for the dentist to tighten the clasps. Most
of the time, this adjustment is done as illustrated in Figure
11-28, A, by simply bending the clasp slightly gingivally

FIGURE 11-27

	

Steps in the fabrication of Adams crib. A, Carving the cast, exposing the mesio-
buccal and disto-buccal undercuts into which the retentive points will insert. This is a critically important
step in fabricating a clasp for a young child. B, Forming a retentive point from 28 mil (0.7 mm) wire. If
preformed components are used, this step can be omitted. C, Angulation of the retentive points, which
must sit at about 45 degrees to the bridge portion of the clasp that connects the retentive points. This ad-
justment is required if preformed components are used. D, The partially formed clasp, showing the re-
tentive points in position, with the bridge portion of the clasp at least 1 mm away from the buccal surface.
E, Contouring the attachment portion of the clasp over the top of the contacts. It is important that the
wire be contoured as close to the occlusal surface of the teeth as possible to minimize occlusal interfer-
ences. F, Completed clasp, showing the clearance between the bridge portion and the buccal surface of
the tooth, and the contouring of the attachment portion of the clasp on the lingual side of the contact
point. If the clasp wire is not bent down sharply into the lingual embrasure, interference with the lower
teeth is almost inevitable. Note also that the wire ends are bent toward the palate, ensuring a small space
beneath the wires so that acrylic will surround the portion of the wire contained in the baseplate.
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FIGURE 11-28

	

Clinical adjustments of an Adams clasp. A, Tightening the clasp by bending
it gingivally at the point where the wire emerges from the baseplate. This is the usual adjustment
for a clasp that has become loose after repeated insertions and removals of an appliance. B, Ad-
justment of the clasp by bending the retentive points inward. This alternative method o£ tighten-
ing a clasp is particularly useful during the initial fitting of an appliance.

FIGURE 11-29

	

Other possible clasps for removable appliances. A and B, Circumferential
molar clasp, extending into the mesio-buccal undercut; C, ball clasp, extending into the buccal
embrasure; D, lingual extension clasp, made from fine wire (usually 16 mil) extending into the
lingual embrasure.

from its point of attachment. It is also possible to bend the
retentive points inward to obtain better contact in the un-
dercut areas (Figure 11-28, B), which really should be nec-
essary only if the laboratory fabrication of the clasps was
imperfect.

As a general principle, the more active a removable ap-
pliance is to be and the greater the force applied during its
use, the more clasping is required to hold it in place. It is
possible to modify the Adams clasp by soldering an exten-
sion to the buccal bridge portion of the clasp, which allows
an additional retentive point to be placed in the next em-
brasure. This is particularly useful in older patients as a
means of gaining retention from a second molar as well as

a first molar. The same approach can be used to clasp both
premolars if needed. The Adams clasp is so effective, how-
ever, that three or four retentive points on each side will
support almost any practical type of movement with a re-
movable appliance (see Figure 11-19).

Of the dozens of other clasp designs that can be used,
three deserve brief mention here:

Circumferential Clasp.

	

The circumferential clasp (Fig-
ure 11-29, A and B) is particularly useful for second molars,
and occasionally for canines. This clasp's greatest virtue is
that it is easier to keep out of occlusal contact than the
Adams clasp. However, it does not compare with the Adams
clasp in retentive ability and should be considered only a
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supporting rather than a truly retentive element. For prac-
tical purposes, a circumferential clasp might be adequate for
a retainer but not for an active removable appliance.

Ba// C/asp.

	

The ball clasp (see Figure 11-29, C), like
the Adams clasp, extends across the embrasure between ad-
jacent teeth and uses undercuts on the buccal surface.
These clasps are easy to fabricate, which is their major ad-
vantage, but because of their short span they are relatively
stiff and unable to extend as deeply into the undercuts as an
Adams clasp. Ball clasps should be considered only when
the demands on them will be limited.

Lingua/ Extension Clasp.

	

Any wire that crosses the
occlusal table can interfere with occlusion, so it would be
ideal to have a clasp that operated only from the lingual (see
Figure 11-29, D). In theory, extending a spring element
into the lingual embrasures should provide retention, but
in fact, it is difficult to develop and use clasping of this type.
A short loop of 16 mil (0.4 mm) wire can be placed into the
first molar-second premolar embrasure from the lingual on
most patients and can provide enough retention for a max-
illary removable retainer.

Offsetting the advantage of no wire crossing the oc-
clusal surface, these clasps have several disadvantages: they
are difficult or impossible to adjust, are prone to breakage,
may cause tissue irritation, and can separate the teeth if too
active. They can be useful for retainers but are not recom-
mended for active removable appliances.

Clinical Adjustments
The fit of any removable appliance depends on the stability
of its framework or baseplate. For this reason, maxillary re-
movable appliances tend to be both better tolerated by pa-
tients and more successful than mandibular removables.
The horseshoe-shaped mandibular appliances are inevitably
somewhat flexible, making them less stable and less com-
fortable. This often is made worse by the presence of lingual
undercuts in the mandibular molar region, so that an appli-
ance must be extensively trimmed to make insertion possi-
ble-but it is important to adjust the appliance so that the
patient can place and remove it without great difficulty.

As treatment proceeds, three adjustments are neces-
sary when an active removable appliance is being used ap-
propriately: tightening of clasps when they become loose,
activation of the spring or springs, and removal of material
from the baseplate. Adams clasps usually require a minor
adjustment at each appointment, bending them as de-
scribed previously (see Figure 11-28).

Activation of the springs of a removable appliance
must be done carefully, and not more than approximately
1 mm at a time. The more the spring is activated, the more
difficult it becomes to keep it in the proper position. Too
much activation usually displaces either the spring or the
whole appliance.

Often it is necessary to trim away baseplate material to
complete the activation of a spring. Baseplate material must
not be removed near a clasp, since this would allow that

FIGURE 11-30

	

Removal of baseplate material is necessary to
allow lingual movement of teeth, as with this maxillary removable
appliance to tip the incisors lingually. A, Removal of acrylic at the
incisal edge; B, removal of baseplate material above the incisal
edge, to accommodate the expected tipping tooth movement;
C, the appliance after trimming, in which 1 mm of baseplate
material has been removed.

anchor tooth to move and retention of the appliance would
be lost. On the other hand, baseplate material must be re-
moved from the path of a tooth that is to be moved, which
means that the baseplate must be trimmed for all lingual
and most mesio-distal movements (Figure 11-30). Failure
to relieve the baseplate near a spring is a common error.

A patient who is wearing an active removable appliance
should be seen at 4- to 6-week intervals. Springs should be
adjusted to produce approximately 1 mm of tooth movement
(which may require slightly more activation of the spring
than that) and the baseplate should be relieved to provide
a similar amount of clearance. At the next appointment,
the spring is reactivated and the baseplate is again relieved
by a similar amount. Trimming the baseplate only the
amount that a tooth can move in one appointment interval
preserves the fit of the appliance and provides a fail-safe
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feature if the patient does not return for the next appoint-
ment at the expected time. An active spring, with nothing to
check its action, could produce an excessive response.

Preventing an excessive response by limiting the relief of
the baseplate is possible only when a tooth is being moved
lingually, not labially. The same fail-safe effect, however, can
be achieved by placing a labial or buccal restraining wire. For
example, it may be a good idea to incorporate both a lingual
spring and a labial restraining wire in an appliance to move a
single tooth labially. The spring is activated to produce the
tooth movement, and the restraining wire is adjusted to pre-
vent excessive movement if the spring becomes distorted (see
Figure 11-22). Split-plate appliances cannot be made fail-
safe in this way, but since it is necessary for the patient to ac-
tivate a screw and because the rate of activation is quite slow,
these appliances have less danger of an excessive response.

COMBINED FUNCTIONAL
AND ACTIVE PLATE TREATMENT

In theory, there is no reason that growth guidance with a
functional removable appliance cannot be combined with
active tooth movement produced by springs or screws. As
noted above, the original activators did not use any springs
or screws, but essentially all of the modified activators de-
veloped in Europe after World War II added the elements
of active plates to an activator framework so that teeth
could be moved while jaw growth was controlled.

Incorporating active elements into a functional remov-
able appliance (see Figure 11-8) is a decidedly mixed bless-
ing. There are three problems. The first is that correcting
the occlusal relationships by actively moving teeth is not
the goal of functional appliance therapy, and in fact tooth
movement may prevent the modification in jaw position
that is desired as a result of functional treatment. To take
Class 11 malocclusion as an example, the more the occlu-
sion is corrected by springs that move the lower incisors
forward relative to the mandible, the less the skeletal
change that will be produced (Figure 11-31). Adding
springs or screws to push the teeth toward the desired oc-
clusion does make the treatment proceed faster, but the re-
sult may be worse than that achieved by a functional appli-
ance without active springs.

The second problem with active functional appliances
is the questionable long-term stability of arch expansion.
Functional appliances are less successful in correcting
crowding and irregularity within the arches than in im-
proving a Class 11 open bite or deep bite occlusal relation-
ship. A major motivation for including active elements in a
functional appliance is that this provides a way to correct
crowding within the arches at the same time that jaw dis-
crepancies are being treated. It does not follow logically,
however, that more arch expansion can be tolerated by pa-
tients whose jaw growth is being manipulated, nor is there
evidence to support that contention.

FIGURE 11-31

	

Cephalometric superimposition showing an
unsatisfactory response to a removable functional appliance for
a skeletal Class 11 malocclusion. Note the lack of skeletal re-
sponse, but dental changes including forward movement of
the lower incisors, slight retraction and elongation of the upper
incisors, and downward and backward rotation of the mandible.
Adding springs to a functional appliance, if it accentuates this
pattern of tooth movement, makes the treatment response worse
rather than better.

The third problem is that precise tooth positions can-
not be achieved with springs or screws in removable appli-
ances. The European active-functional appliances of the
1950s and 1960s were an attempt to provide comprehen-
sive treatment within the framework of removable appli-
ance orthodontics. For many patients, no matter how
clever the design, the problems caused by limited two-
point contact with the teeth become overwhelming, and ei-
ther a fixed appliance must be used to finish the case, or a
compromise result must be accepted.

This means that in contemporary orthodontics, there
are few indications for removable appliances designed to
provide all aspects of treatment like those commonly used
in Europe a generation ago.
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The mechanical principles underlying the use of any
fixed appliance are discussed in detail in Chapter 10. This
chapter is devoted to the historical development of fixed
appliances, including the progression from original edge-
wise to the contemporary edgewise appliance; to the meth-
ods by which fixed attachments are placed (i.e., banding
and bonding techniques); and to the characteristics of the
modern fixed appliance.

Contemporary fixed appliances are predominantly
variations of the edgewise appliance system. The only cur-
rent fixed appliance system that does not incorporate the
edgewise system's ability to use rectangular arch wires in a
rectangular slot is the Begg appliance, and there is renewed
interest in the use of rectangular arch wires at the finishing
stage of Begg treatment. The focus in this and the suc-
ceeding chapters, therefore, is almost entirely on use of the
contemporary edgewise appliance, with occasional refer-
ence to Begg technique.

THE DEVELOPMENT OF
CONTEMPORARY FIXED APPLIANCES

Angle's Progression to
the Edgewise Appliance
Edward Angle's position as the "father of modern ortho-
dontics" is based not only on his contributions to classifi-
cation and diagnosis but also on his creativity in developing
new orthodontic appliances. With few exceptions, the fixed
appliances used in contemporary orthodontics are based on
Angle's designs from the early 20` t' century. Angle devel-
oped four major appliance systems:

The E-Arch.

	

In the late 1800s, a typical orthodontic
appliance depended on some sort of rigid framework to
which the teeth were tied so that they could be expanded to
the arch form dictated by the appliance. Angle's first appli-
ance, the E-arch, was an improvement on this basic design
(Figure 12-1). Bands were placed only on molar teeth, and
a heavy labial arch wire extended around the arch. The end
of the wire was threaded, and a small nut placed on the
threaded portion of the arch allowed the arch wire to be
advanced so that the arch perimeter increased. Individual
teeth were simply ligated to this expansion arch. This
appliance still could be found in the catalogs of some
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FIGURE 12-1

	

Edward Angle's E-arch, from the early 1900s.
Ligatures from a heavy labial arch were used to bring malposed
teeth to the line of occlusion.

FIGURE 12-2 Angle's ribbon arch appliance, introduced
about 1910, was well-adapted to bring teeth into alignment but
was too flexible to allow precise positioning of roots.

mail-order orthodontic laboratories as late as the 1980s,
perhaps because of its simplicity, and despite the fact that it
can deliver only heavy interrupted force.

Pin and Tube.

	

The E-arch was capable only of tip-
ping teeth to a new position. It was not able to precisely
position any individual tooth. To overcome this difficulty,
Angle began placing bands on other teeth and used a verti-
cal tube on each tooth into which a soldered pin from a
smaller arch wire was placed. With this appliance, tooth
movement was accomplished by repositioning the individ-
ual pins at each appointment.

An incredible degree of craftsmanship was involved in
constructing and adjusting this pin and tube appliance, and
although it was theoretically capable of great precision in
tooth movement, it proved impractical in clinical use. It is
said that only Angle himself and one of his students ever
mastered the appliance. The relatively heavy base arch
meant that spring qualities were poor, and the problem
therefore was compounded because many small adjust-
ments were needed.

Ribbon Arch. Angle's next appliance modified the
tube on each tooth to provide a vertically positioned rec-
tangular slot behind the tube. A ribbon arch of 10 X 20
gold wire was placed into the slot and held with pins (Fig-
ure 12-2). The ribbon arch was an immediate success, pri-
marily because the arch wire, unlike any of its predecessors,
was small enough to have good spring qualities and was
quite efficient in aligning malposed teeth. Although the
ribbon arch could be twisted as it was inserted into its slot,
the major weakness of the appliance was that it provided
relatively poor control of root position. The resiliency of
the ribbon arch wire simply did not allow generation of the
moments necessary to torque roots to a new position.

Edgewise.

	

To overcome the deficiencies of the rib-
bon arch, Angle reoriented the slot from vertical to hori-
zontal and inserted a rectangular wire rotated 90 degrees to
the orientation it had with the ribbon arch-thus the name
"edgewise" (Figure 12-3). The dimensions of the slot were
altered to 22 X 28 mils, and a 22 X 28 precious metal wire
was used. These dimensions, arrived at after extensive

FIGURE 12-3

	

Angle's edgewise appliance received its name
because the arch wire was inserted at a 90-degree angle to the
plane of insertion of the ribbon arch. The rectangular wire was
tied into a rectangular slot with wire ligatures, making excellent
control of root position possible. Eyelets in the corners of the
bands were tied to the arch wire as needed for rotational control,
as on the distal of the upper left central incisor.

experimentation, did allow excellent control of crown and
root position in all three planes of space.

After its introduction in 1928, 1 this appliance became
the mainstay of multibanded fixed appliance therapy, al-
though the ribbon arch continued in common use for
another decade.

OTHER EARLY APPLIANCE SYSTEMS

Before Angle, placing attachments on individual teeth
simply had not been done, and Angle's concern about pre-
cisely positioning each tooth was not widely shared during
his lifetime. In addition to a variety of removable appli-
ances utilizing finger springs for repositioning teeth, the
major competing appliance systems of the first half of the
20th century were the labiolingual appliance, which used
bands on first molars and a combination of heavy lingual
and labial arch wires to which fingersprings were soldered
to move individual teeth, and the twin-wire appliance
(Figure 12-4). This appliance used bands on incisors as
well as molars and featured twin 10 mil steel arch wires for
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FIGURE 12-4

	

The twin-wire appliance used two strands of
10 mil wire for initial alignment of the incisor teeth. Incisors and
first molars had fixed attachments (here, plastic brackets), but
canines and premolars were not usually banded. A heavy tube
extending forward from the first molar was used to protect the
delicate twin wires.

FIGURE 12-5

	

The Begg appliance is a modification of the
ribbon arch attachment, into which round arch wires are pinned.
A variety of auxiliary arch wires are used in this system to obtain
control of root position.

alignment of the incisor teeth. These delicate wires were
protected by long tubes that extended forward from the
molars to the vicinity of the canines. None of these appli-
ances, however, were capable of more than tipping move-
ments except with special and unusual modifications.

Begg Appliance
Given Angle's insistence on expansion of the arches rather
than extraction to deal with crowding problems, it is ironic
that the edgewise appliance finally provided the control of
root position necessary for successful extraction treatment.
The appliance was being used for this purpose within a few
years of its introduction. Charles Tweed, one of Angle's last
students, was the leader in the United States in adapting
the edgewise appliance for extraction treatment. In fact, lit-
tle adaptation of the appliance was needed. Tweed moved
the teeth bodily and used the subdivision approach for an-
chorage control, first sliding the canines distally along the
arch wire, then retracting the incisors (see Figure 10-31).

Raymond Begg had been taught use of the ribbon arch
appliance at the Angle school before his return to Australia
in the 1920s. Working independently in Adelaide, Begg
also concluded that extraction of teeth was often necessary,
and set out to adapt the ribbon arch appliance so that it
could be used for better control of root position.

Begg's adaptation took three forms: (1) he replaced the
precious metal ribbon arch with high-strength 16 mil
stainless steel wire as this became available in the late
1930s; (2) he retained the original ribbon arch bracket, but
turned it upside down so that the bracket slot pointed gin-
givally rather than occlusally; and (3) he added auxiliary
springs to the appliance for control of root position. In the
resulting Begg appliance (Figure 12-5 ), z friction was min-
imized because the area of contact between the narrow rib-
bon arch bracket and the arch wire was very small and the
force of the wire against the bracket was also small. Begg's
strategy for anchorage control was tipping/uprighting (see
Figure 9-18).

Although the progress records with his approach
looked vastly different, it is not surprising that Begg's over-
all result in anchorage control was similar to Tweed's, since
both used two steps to overcome some frictional problems.
The Begg appliance is still seen in contemporary use
though it has declined in popularity. It is a complete appli-
ance in the sense that it allows good control of crown and
root position in all three planes of space. The greatest dif-
ficulty in using the appliance comes in the final stage,
where it can be difficult to precisely position the teeth.

Combinations of Begg and edgewise appliances have
been proposed on many occasions. At present, there are
two ways to retain some of the tipping/uprighting mechan
ics used with the Begg appliance while taking advantage of
rectangular arch wires in a rectangular slot for the finishing
stage. One is to use a bracket with both a ribbon arch
(Begg) slot and an edgewise slot 3 ; the other is to use a mod-
ified bracket that allows tipping in one direction, so that the
rectangular slot is available for both root uprighting and
torque (Figure 12-6).4

Contemporary Edgewise:
The Modern Appliance
The Begg appliance became widely popular in the 1960s
because it was more efficient than the edgewise appliance
of that era, in the sense that equivalent results could be pro-
duced with less investment of the clinician's time. Develop-
ments since then have reversed the balance: the contempo-
rary edgewise appliance has evolved far beyond the original
design while retaining the basic principle of a rectangular
wire in a rectangular slot, and now is more efficient than
the Begg appliance-which is the reason for its almost uni-
versal use now. Major steps in the evolution of the edgewise
appliance include:

Automatic Rotational Control.

	

In the original ap-
pliance, Angle soldered eyelets to the corners of the bands,
so a separate ligature tie could be used as needed to correct
rotations or control the tendency for a tooth to rotate as it
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FIGURE 12-6

	

Modified brackets to allow a combination of Begg and edgewise mechanics. A, Stage-
4 bracket, with 18 X 25 or 22 X 28 edgewise slots and a 22 X 32 gingival slot in which a wire can be pin-
retained. For this patient in the first stage of treatment, the base (gingival) wire is 18 mil steel and the
edgewise wire is 16 mil NiTi (see Chapter 15 for additional views of this bracket in use). B, Tip-Edge
bracket, with a rectangular slot cut away on one side to allow crown tipping in that direction with no in-
cisal deflection of the arch wire. This allows the teeth to be tipped in the initial stage of treatment, but a
rectangular wire used for torque in finishing. C, Tip-Edge brackets in the initial stage of treatment, with
small diameter steel arch wires. See Figure 10-21 for additional views of these brackets in use. (A, Cour-
tesy Dr. W.J. Thompson; B and C, courtesy Dr. PC. Kesling.)

FIGURE 12-7 Typodont with contemporary straight-wire
brackets on the right side and conventional twin brackets on the
left. A, Bends in the arch wire to compensate for the lateral incisor
position are required on the conventional side (arrows), whereas
on the straight-wire side, a thicker base for the lateral bracket pro-
vides the same positioning without a bend in the wire. B, On the
straight-wire side, each bracket slot is also angulated individually
and cut at an angle, eliminating angulating and torquing bends.

was moved (see Figure 12-3). Now rotation control is
achieved without the necessity for an additional ligature by
using either twin brackets (Figure 12-7) or single brackets
with extension wings that contact the underside of the
arch wire (Lewis brackets) (see Figure 12-34) to obtain the
necessary moment in the rotational plane of space.

Alteration in Bracket Slot Dimensions. The sig-
nificance of reducing Angle's original slot size from 22 to
18 mils and the implications of using the larger slot with
undersize steel wires have been discussed in Chapter 10. In
essence, there are now two modern edgewise appliances,
because the 18 and 22 slot appliances are used rather dif-
ferently. Chapters 16-18 focus on these differences. In ad-
dition, edgewise bracket slots are now routinely deeper
than Angle originally proposed-usually 30 mil. The
deeper bracket slot allows better engagement of large arch
wires and the possibility of placing two smaller arch wires
simultaneously if desired.

Straight-wire Prescriptions. Angle used the same
bracket on all teeth, as did the other appliance systems. In
the 1980s Andrews developed bracket modifications for
specific teeth, to eliminate the many repetitive wire bends
that had been necessary up to that time to compensate for
differences in tooth anatomy. The result was the "straight
wire" appliances This was the key step in improving the
efficiency of the edgewise appliance. The straight wire ap-
pliance included:

Variation in Bracket Thickness to Compensate for
the Varying Thickness of Individual Teeth. In the origi-
nal edgewise appliance, faciolingual bends in the arch
wires (first-order, or in-out, bends) were necessary to com-
pensate for variations in the contour of labial surfaces of
individual teeth. In the contemporary appliance, this com-
pensation is built into the base of the bracket itself (Figure
12-7, A), reducing the need for compensating bends (but
not eliminating them, because of individual variations in
tooth thickness).

Angulation of Bracket Slots.

	

Angulation of brackets
relative to the long axis of the tooth is necessary to achieve
proper positioning of the roots of most teeth. Originally,
this mesio-distal root positioning required angled bends in
the arch wire, called second-order, or tip, bends. Angulating
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the bracket or bracket slot decreases or removes the neces-
sity for these bends in arch wires (Figure 12-7, B).

Torque in Bracket Slots.

	

Because the facial surface of
individual teeth varies markedly in inclination to the true
vertical, in the original edgewise appliance it was necessary
to place a varying twist (referred to as third-order, or torque,
bends) in segments of each rectangular arch wire, in order
to make the wire fit passively. Torque bends were required
for every patient in every arch wire, not just when roots
needed to be moved facially or lingually, in order to avoid
inadvertent movements of properly positioned teeth. The
bracket slots in the contemporary edgewise appliance are
inclined to compensate for the inclination of the facial sur-
face, so that third-order bends are less necessary.

The angulation and torque values built into the
bracket are often referred to as the appliance prescription.

A generalized prescription to minimize second- and
third-order bends is illustrated in Table 12-1. Obviously,
this would precisely position the average tooth, but would
not be exactly correct for any deviations from the aver-
age-and most teeth do deviate from the average. Modern
computer-assisted design methods allow custom brackets
to be produced for an individual patient's teeth, based on
laser scans of the surfaces of those particular tooth. For
this to work, however, not only is custom fabrication re-
quired, but also the bracket must be placed on the tooth in
precisely the planned position, which requires a position-
ing jig or template (see indirect bonding, on p. 400).
Whether the total elimination of compensating bends in
finishing wires is worth this degree of appliance prepara-
tion has not yet been determined.

The prescriptions of current commercially-available
appliances, and a detailed discussion of the implications of
their rather large differences, are presented at the end of
this chapter.

Self-Ligating Brackets.

	

Placing wire ligatures around
tie wings on brackets to hold arch wires in the bracket slot
can be a time-consuming procedure. The elastomeric
modules introduced in the 1970s largely replaced wire lig-
atures for two reasons: they are quicker and easier to place,
and they can be used in chains to close small spaces within
the arch or prevent spaces from opening.

It also is possible to use a cap built into the bracket it-
self to hold wires in position, and a number of brackets of
this type have been offered at various times. In the 1980s,
a bracket with a latching spring clip (the SPEED bracket,
Orec Corp.) was offered that now enjoys considerable use,
and recently several other brackets with rigid clips to hold
the arch wire in place have appeared (Figure 12-8). In
comparison with ligating conventional brackets with elas-
tomeric modules, these brackets can be latched and un-
latched somewhat more quickly, but elastomeric chains
still may be needed to control spaces within the arch, so
the speed of placing and removing arch wires is not a com-
pelling advantage.

It turns out, however, that the self-ligating brackets
provide considerably less frictional resistance to sliding
than conventionally-ligated brackets.6.7 The force with
which the wire is forced against the bracket by the ligature
tie is a major determinant of friction (see Chapter 10), and
the clip holds the arch wire in place without forcing it
against the bottom of the bracket slot. The original spring
clip design was better with steel arch wires; if superelastic
arch wires are used, there is no need to obtain additional
springiness from the bracket clip, and the sturdier rigid
clip seems advantageous. However, what is an advantage
for sliding is a disadvantage for frictionless space closure.
The spring clips may not hold a wire in place well enough
to deliver adequate moments to prevent tipping when
closing loops are used, and with rigid clips, it can be quite
difficult to fully engage full-dimension wires.

Lingual Appliances.

	

A major objection to fixed or-
thodontic appliances has been their visible placement on
the facial surface of the teeth. This has always been one rea
son for the use of removable appliances. The introduction
of bonding in the 1970s made it possible to place fixed at-
tachments on the lingual surface of teeth and produce an
invisible fixed appliance, and attachments designed for
placement on the lingual surface were first offered soon af-
ter bonding was introduced.

In theory, it should be possible to obtain the same
three-dimensional control of crown and root position
from the lingual surface as the labial, and considerable
progress has been made toward this goal, but the small

TABLE 12-1

	

A GeneralizedAnoubnicii a	d/or Torque Prescription for "Straight-Wire" Edgewise Appliriices
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FIGURE 12-8 Self-ligating orthodontic brackets. A and B, Twinlock
brackets open and closed; C and D, Damon SL brackets, open and closed;
E, Damon SL brackets in clinical use. (Courtesy Ormco-A Company.)

FIGURE 12-9

	

Adapting the edgewise appliance so that it can be placed on the lingual
surface requires drastic alterations in the shape of the brackets, but the principle of a rectan-
gular wire in a rectangular slot remains. Lingual appliances continue to evolve, and the
current brackets are quite different from those used when the appliance was first introduced.
A, Close-up of brackets for lower incisors; B, complete lingual appliance for the maxillary
arch. (A, Courtesy Ormco-A Company; B, courtesy Dr. D. Fillion.)

interbracket span between lingual attachments is a major
problem (Figure 12-9). The situation is somewhat remi-
niscent of Edward Angle's problems with the pin and tube
appliance: the relative stiffness of wires used with the
lingual appliance means that it requires more frequent
adjustments, but the appliance is relatively inaccessible

and quite difficult to adjust. Although comprehensive
treatment of less severe malocclusions can be accom-
plished with current lingual appliances, 8 the difficulty, du-
ration and cost of treatment are all significantly increased.
Despite considerable progress, the initial promise of lin-
gual appliances has not yet been fulfilled.
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FIGURE 12-10

	

Ceramic brackets can be successfully bonded
to the facial surface. They are esthetic, like their plastic predeces-
sors, but both long-term appearance and dimensional stability are
much improved.

Clear or Tooth-Colored Appliances.

	

Placing a fixed
appliance out of sight on the lingual surface is one way to
improve its esthetics. Another is to keep the fixed appliance
on the labial surface but make it the same color as the teeth.
Clear plastic brackets and plastic-coated arch wires were
the first attempt to make a labial appliance almost invisible.
A number of problems were encountered when these were
introduced in the 1970s. The major one was that neither
the brackets nor the arch wire coatings were durable
enough to hold up in the mouth. The brackets discolored
and broke, and the coatings came off the wires. In addition,
uncoated wires did not slide freely in plastic brackets, and
coated wires tended to be even worse. The initial failure
of esthetic labial appliances was a major incentive toward
lingual appliances.

With the development of ceramic brackets in the late
1980s (Figure 12-10), the situation changed. Although the
first ceramic brackets had a number of problems, they did
not discolor, and even with uncoated arch wires, patients
appreciated their better esthetic qualities. Almost immedi-
ately, ceramic brackets achieved a degree of clinical utiliza-
tion that their plastic predecessors had never approached,
and the use of lingual appliances declined. It quickly be-
came clear, however, that the sole advantage of ceramic
brackets is their better esthetics. There are problems with
bulkiness, possible enamel damage, and especially friction.
On the other hand, using these brackets on the labial sur-
face is considerably easier for doctor and patient than using
a lingual appliance, and the esthetic improvement is con-
siderable even when ceramic brackets are limited just to the
maxillary anterior teeth.

The characteristics of the contemporary edgewise
appliance, and the status of the materials from which it can
be fabricated, are reviewed in detail in the last section of
this chapter, after a discussion of banding vs. bonding as
the means of fixing the appliance in place.

FIGURE 12-11

	

Forming a custom band from a strip of band
material. A, Three types of band-forming pliers to stretch band
material for a tight fit around the teeth; B, close-up view of band
material in the pliers; C, band being formed on a lower premolar.

BANDS FOR ATTACHMENTS

Indications for Banding
Until recently, the only practical way to place a fixed
attachment was to put it on a band that could be cemented
to a tooth. The pioneer orthodontists of the early 1900s used
clamp bands, which were tightened around molar teeth by
screw attachments. Only with the advent of custom-fitted
pinched bands was it practical to place fixed attachments on
more than a few teeth. To fabricate pinched bands, a spe-
cial pliers was used to stretch thin gold band material
around the tooth, and the seam on the lingual surface was
soldered and then ground smooth (Figure 12-11).

When steel replaced gold as the common orthodontic
material, pinched bands were welded rather than soldered,
with the welded seam bent over on the lingual surface and
welded flat. The first preformed steel bands were a
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by-product of the manufacture of anatomically shaped steel
crowns for restorative purposes. Preformed steel bands
came into widespread use during the 1960s and are now
available in anatomically correct shapes for all teeth.

There are definite advantages to bonding attachments
directly to the tooth surface. Bonded attachments have no
interproximal component, and therefore require no sepa
ration of teeth and are less painful. They are easier than
bands both to put on and to remove, and they are also more
esthetic because the highly visible metallic band material is
eliminated. They make it easier to handle tooth-size
problems during treatment by leaving the interproximal
surfaces accessible for modification if needed. Bonded
attachments are less irritating to the gingiva and less prone
to produce decalcification and white spots on the teeth,
although they do not totally eliminate this problem. For
these reasons, it is no longer appropriate to routinely place
bands on all teeth that are to receive fixed attachments.
However, a number of indications still exist for use of a
band rather than a bonded attachment, including:

1. Teeth that will receive heavy intermittent forces
against the attachments. An excellent example is an
upper first molar against which extraoral force will
be placed via a headgear. The twisting and shearing
forces often encountered when the facebow is
placed or removed are better resisted by a steel band
than by a bonded attachment.

2. Teeth that will need both labial and lingual attach-
ments, especially if the lingual attachment will not
be tied to some other part of the appliance. Al-
though it is possible to bond on both sides of a
tooth, it is usually easier for both the dentist and the
patient to place a band with welded labial and lin-
gual attachments than to go through two separate
bonding procedures. More importantly, bonded
lingual attachments are likely to be swallowed or as-
pirated if something comes loose. It is safer to have
a lingual attachment attached to a band.

3. Teeth with short clinical crowns. Bands can be
placed subgingivally, and as a general rule, the gin-
gival margin of a band should either go slightly
subgingival or should clear the gingival margin by
at least 2 mm, so that the area of exposed enamel
can be cleaned. If attached to a band, a tube or
bracket can slightly displace the gingiva as it is car-
ried into proper position. It is much more difficult
to do this with bonded attachments. The decision
to band rather than bond second premolars in ado-
lescents is often based on the length of the clinical
crown.

4. Tooth surfaces that are incompatible with success-
ful bonding. It is more difficult to bond brackets or
tubes to surfaces that have been restored than to
enamel, but recent advances in bonding technology
have largely overcome the problems of bonding to

amalgam, precious metal, and porcelain veneers. 9
Some nonrestored surfaces are also extremely diffi-
cult to prepare for bonding; teeth affected by fluo-
rosis are the primary example. A good band initially
is better than a series of unsuccessful bonds in some
difficult situations.

Although there are exceptions, the rule in contempo-
rary orthodontics is that bonded attachments are almost
always preferred for anterior teeth; bonds or bands may be
used on premolars, depending on the height of the clinical
crown and whether lingual attachments are needed; and
bands usually are preferred for molars, especially if both
buccal and lingual attachments are needed.

This rule suggests that preformed molar and premolar
bands should be available in a contemporary orthodontic
practice. Incisor and canine bands are needed so rarely and
in such unusual circumstances that pinching a band from
band material, rather than relying on preformed anterior
bands, may be the most appropriate approach.

Separation
Tight interproximal contacts make it impossible to prop-
erly seat a band, which means that some device to separate
the teeth usually must be used before banding. Although
separators are available in many varieties, the principle is
the same in each case: a device to force or wedge the teeth
apart is left in place long enough for initial tooth movement
to occur, so that the teeth are slightly separated by the
appointment at which bands are to be fitted. Separation
can be painful, particularly for anterior teeth, and the
necessity for separation must be considered a disadvantage
of banding and its absence an advantage of bonding.

Three main methods of separation are used for poste-
rior teeth: (1) brass wire, which is twisted tightly around the
contact as shown in Figure 12-12 and left in place for 5 to
7 days, (2) separating springs (Figure 12-13), which exert a
scissors action above and below the contact, typically open-
ing enough space for banding in approximately 1 week; and
(3) elastomeric separators ("doughnuts"), applied as shown
in Figure 12-14, which surround the contact point and
squeeze the teeth apart over a period of several days.

From the patient's perspective, steel spring separators
are the easiest to tolerate, both when they are being placed
and removed, and as they separate the teeth. These separa
tors tend to come loose and may fall out as they accomplish
their purpose, which is their main disadvantage and the
reason for leaving them in place only a few days. Brass wire
and elastomeric separators are more difficult to insert, but
are usually retained well when they are around the contact,
and so may be left in position for somewhat longer periods.
Because elastomeric separators are radiolucent, a serious
problem can arise if one is lost into the interproximal space.
It is wise to use a brightly colored elastomeric material to
make a displaced separator more visible, and these separa-
tors should not be left in place for more than 2 weeks.
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FIGURE 12-12

	

Separation with brass wire. A, 20 mil soft brass wire bent in an open hook
shape; B, wire passed beneath the contact; C, wire brought back over the contact and twisted
slightly; D, wire pigtail cut to 3 mm length and tucked in the gingival crevice. A brass wire
separator of this type is normally left in place S to 7 days.

FIGURE 12-13

	

Separation with steel separating springs. A, The spring is grasped with a pli-
ers at the base of its shorter leg; B, the bent-over end of the longer leg is placed in the lingual
embrasure, and the spring is pulled open so the shorter leg can slip beneath the contact; C, the
spring in place, with the helix to the buccal; D, the spring can be removed most easily by squeez-
ing the helix, forcing the legs apart.
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FIGURE 12-14

	

Separation with an elastomeric ring or "doughnut." A, The elastomeric ring
is placed over the beaks of a special pliers; B, the ring is stretched, then one side is snapped
through the contact; C, the separator in place; D, an alternative to the special pliers is two loops
of dental floss, placed so they can be used to stretch the ring. The dental floss is snapped through
the contact; E, the doughnut is placed underneath the contact point, then; F, the doughnut is
snapped into position. At that point, the dental floss is removed.

Fabricating and Fitting Bands
It is possible to purchase preformed bands and to weld
attachments to them in the dental office. However, it is
cost-effective to obtain preformed bands with prewelded
attachments, especially if a contemporary edgewise appli-
ance with precisely angulated attachments is selected, be-
cause production jigs to assure accurate placement are
needed to weld the attachments.

Fitting a preformed band involves stretching the
stainless steel material over the tooth surface. This si-
multaneously contours and work-hardens the initially
rather soft band material. It follows that heavy force is
needed to seat a preformed band, stretching it to place.
The necessary force should be supplied by the mastica-
tory muscles of the patient, not by the arm strength of the
dentist or dental assistant. Patients can bite harder and

with much greater control, a fact best appreciated on the
rare occasions when a patient is unable to bite bands to
place.

Preformed bands are designed to be fitted in a certain
sequence, and it is important to follow the manufacturer's
instructions. A typical upper molar band, for example, is
designed to be placed initially by hand pressure on the
mesial and distal surfaces, bringing the band down close
to the height of the marginal ridges. Then it is driven to
place by pressure on the mesiobuccal and distolingual
corners (Figure 12-15). Usually the final seating is with
heavy biting force on the distolingual surface. Lower mo-
lar bands are designed to be seated initially with hand
pressure on the proximal surfaces, and then with heavy
biting force along the buccal but not the lingual margins.
Maxillary premolar bands are usually seated with alter-
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FIGURE 12-15

	

Fitting a preformed maxillary molar band (in this case, a primary second molar; the
steps are the same for primary and permanent maxillary molars). A, The band is pressed over the height
of contour with finger pressure or an instrument with a serrated tip; B, heavy biting force on the band
seating instrument is used to seat the band, with the final pressure application to seat the bank on the
disto-lingual corner, as shown here; C, open margins are burnished with a hand instrument.

nate pressure on the buccal and lingual surfaces, while
mandibular premolar bands, like mandibular molars, are
designed for heavy pressure on the buccal surface only.

It is easier to fabricate a pinched band for an anterior
than a posterior tooth, simply because access to the lingual
surface is better. The steps in pinching an incisor band are
shown in Figure 12-16. In contemporary practice, this

technique would rarely if ever be done-only when bond-
ing was not possible for some specific reason.

Cementation
Cementing orthodontic bands is similar to cementing cast
restorations but differs in important details. The differ-
ences relate to the fact that in restorative dentistry, most if
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FIGURE 12-l6

	

On rare occasions, it is not possible to bond a bracket to an incisor tooth, and because
incisor bands are used so rarely now, a preformed band may not be available. Fabricating a band from strip
band material may be necessary. This is done by forming a loop of band material, carrying it over the tooth
and contouring it to the labial surface, and pinching it tightly against the lingual surface, using either a
special band-forming pliers (A) or a Weingart or How pliers (B and C). The lingual tab then is welded,
the band is placed back on the tooth and seated firmly (D), and the tab is bent flat and welded again
(E). Often it is desirable to contour the lingual portion of the interproximal band material to avoid tissue
irritation (F). The final step is to weld a bracket to the facial surface.

not all enamel has been removed and the cement contacts
dentin, whereas in orthodontic treatment, the cementation
is entirely to enamel.

Zinc phosphate cement remains useful for orthodontic
purposes. The cements of this type for orthodontic use,
however, differ from those used in restorative dentistry in
that the liquid contains more free phosphoric acid. Rela-
tively mild cements are needed for restorative purposes, be-
cause the open dentinal tubules allow free acid to irritate
the pulp. A relatively acid cement is needed for orthodon-
tic purposes, so that an acid-etch of the enamel surface, not
unlike that created before bonding, is produced to aid in re-
tention. In addition, orthodontic cement is mixed thicker
than the cement for an inlay or a crown, because the escape

of excess cement from the margins of a band is not the same
problem that escape of cement from beneath an inlay can
be, and a thicker mix provides greater strength.

Recent work with glass ionomer cement has demon-
strated that the retention of molar bands is better with this
material than with zinc phosphate cement.' ° Glass ionomer
cement also has the potential for fluoride release from the
material over some months, and tends to be retained
against the teeth instead of the band if the cement fractures.
Both these properties provide at least some protective ef-
fect against decalcification around or under bands. The
major disadvantage of glass ionomer is its slow setting time
and the need to keep it isolated from moisture while it sets
up. Nevertheless, it appears that this material is likely to
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FIGURE 12-17

	

Molar band ready to cement. The cement
must cover all the anterior surface of the band. Placing a gloved
finger over the top of the band helps express cement gingivally
when the band is carried to place.

displace zinc phosphate as the preferred material for
cementing orthodontic bands.

With both zinc phosphate and glass ionomer materials,
cementation of multiple bands is greatly facilitated by
using a cold mixing slab. A cold slab also allows a greater
amount of powder to be incorporated into the cement
liquid, producing a stronger cement. Keeping the mixing
slab in a freezer before use (the "frozen slab technique") is
the preferred approach.

All interior surfaces of an orthodontic band must be
coated with cement before it is placed, so that there is no
bare metal. As the band is carried to place, the occlusal sur
face should be covered so that cement is expressed from
the gingival as well as the occlusal margins of the band
(Figure 12-17).

BONDED ATTACHMENTS

The Basis of Bonding
Bonding of attachments, eliminating the need for bands,
was a dream for many years before rather abruptly becom-
ing a routine clinical procedure in the 1980s. Bonding is
based on the mechanical locking of an adhesive to irregu-
larities in the enamel surface of the tooth and to mechani-
cal locks formed in the base of the orthodontic attachment.
Successful bonding in orthodontics, therefore, requires
careful attention to three components of the system: the
tooth surface and its preparation, the design of the attach-
ment base, and the bonding material itself.

Preparation of the Tooth Surface.

	

Before bonding
an orthodontic attachment, it is necessary to remove the
enamel pellicle and to create irregularities in the enamel
surface. This is accomplished by gently cleaning and dry-
ing the enamel surface (avoiding heavy pumicing), then
treating it with an etching agent, usually 35% to 50%

unbuffered phosphoric acid for 20-30 seconds. Longer
etching times can be counterproductive. 11 l The effect is to
remove a small amount of the softer interprismatic enamel
and open up pores between the enamel prisms, so the
adhesive can penetrate into the enamel surface (Figure
12-18). It is convenient to apply the etching agent in a gel
rather than a liquid form, simply because gels make it eas-
ier to confine the etch to a prescribed area and are as effec-
tive as liquids (Figure 12-19). The tooth surface must not
be contaminated with saliva, which promotes immediate
remineralization, until bonding is completed; otherwise,
re-etching is required.

Rather than opening up minute irregularities extending
into the enamel surface, another possible way to prepare for
bonding would be to build up irregular deposits on the
enamel surface and thus obtain a mechanical interlocking
with the bonding agent. The loss of enamel surface when
acid-etch bonds are removed is minimal, but the buildup
approach would, at least in theory, eliminate any loss of
enamel. Although a system to chemically attach sulfite ma-
terials to the enamel surface in preparation for bonding has
been offered commercially, the bond between the sulfite
and the enamel surface is relatively weak, resulting in fre-
quent clinical bond failures. 12 Because the buildup material
breaks cleanly away from the enamel surface, there is less
cleanup at debanding, but this is no advantage if the bracket
comes loose prematurely. Further progress is needed before
acid etching can be replaced by enamel buildup.

Surface of Attachments.

	

The base of a metal bonded
attachment must be manufactured so that a mechanical in-
terlock between the bonding material and the attachment
surface can be achieved. Either chemical bonding or me-
chanical interlocking can be used with ceramic brackets
(Figure 12-20). The strength of chemical bonds can be-
come high enough to create problems in debonding (see p.
401), so mechanical retention now is preferred for ceramic
as well as metal brackets.

Bonding Materials. A successful bonding material
must meet a set of formidable criteria: it must be dimen-
sionally stable; it must be quite fluid, so that it penetrates
the enamel surface; it must have excellent inherent strength;
and it must be easy to use clinically.

At present, filled acrylic (bis-GMA) resins are the pre-
ferred bonding materials. These are available in a variety
of formulations that differ mainly in the composition and
extent of the fillers, and in the arrangement-chemical- or
light-activation-to initiate polymerization of the resin.
Although several fluoride-releasing bonding materials have
been offered commercially, it has not yet been possible to
develop one that has any lasting protective effects. 1 3

Direct Bonding Technique
Direct bonding of attachments can be used quite success-
fully as a routine clinical procedure, and even when most
attachments are bonded indirectly, it is indicated when-
ever a single bracket must be changed or replaced. After
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FIGURE 12-18

	

Diagrammatic representation of the effect of preparation of the enamel surface before
bonding. Pretreatment with phosphoric acid creates minute irregularities in the enamel surface, allowing
the bonding material to form penetrating "tags" that mechanically interlock with the enamel surface.

FIGURE 5 ,

	

Steps in preparation for bonding. A, The tooth surface is pumiced gently if
stain or plaque is present. This step can be omitted in patients with excellent oral hygiene. B, The
etch material is applied to the area where the bracket will be placed. C, After approximately 30
seconds, the etching material is rinsed away, and the tooth surface is dried. D, The chalky or
frosted appearance of the enamel surface after proper etching.
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FIGURE 12-20

	

A, For steel brackets, the bonding material is attached mechanically to the bracket
base by penetrating into undercuts usually provided by a fine mesh welded or brazed onto the back of a
metal bracket. B, Ceramic brackets can be coupled chemically to the bonding material with silane cou-
pling, or mechanical undercuts can be employed, as provided for this ceramic bracket (the back of the
bracket is viewed here under magnification) by tiny balls of the ceramic material. Mechanical bonding is
one way to make debonding of ceramic brackets easier and less hazardous. (Courtesy Ormco-A Company.)

FIGURE 12-21

	

Steps in direct bonding. A, Teeth after preparation of the tooth surface. A liquid
sealant (usually the monomer of the bonding agent) can be applied at this stage if desired. B, A small quan-
tity of the bonding material is mixed so that it will set in 30 to 60 seconds. C, Bonding material is placed
on the back of the bracket, and the bracket is pressed to place against the enamel surface, causing excess
bonding material to be expressed around the edges. This is removed immediately with a scaler, before the
material sets. D, The bonded bracket, immediately after cleanup. In this technique, a separate mix of
bonding material is used for each tooth.

preparation of the tooth surface via an acid etch, either a
chemically-activated composite resin with a very rapid
setting time or a light-activated material can be used.

The major difficulty with direct bonding is that the
dentist must be able to judge the proper position for the at-
tachment and must carry it to place rapidly and accurately.
There is less opportunity for precise measurements of
bracket position or detailed adjustments than there would
be at the laboratory bench. It is generally conceded that for

this reason, direct bonding does not provide as accurate a
placement of brackets as indirect bonding. On the other
hand, direct bonding is easier, faster (especially if only a few
teeth are to be bonded), and less expensive (because the lab-
oratory fabrication steps are eliminated).

Steps in the direct bonding technique, using an indi-
vidual mix of chemically-activated resin for each bracket,
are illustrated in Figure 12-21. Most bonding now is done
by this method.
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FIGURE 12-22

	

Laboratory steps in indirect bonding. A, A spot of candy adhesive is applied to the
labial surface of each tooth on the working cast. B, Each bracket is warmed in a flame, then pressed to
place against the surface of the cast. The warmth melts the candy adhesive. C, The position of each
bracket can be precisely adjusted by warming an instrument in the flame and pressing it against the bracket
until the adhesive softens, allowing the bracket to be moved slightly. D, Brackets positioned on the work-
ing cast. E, The transfer tray is formed by adapting a carrier material, usually silicone rubber, over the
working cast and the adapted brackets. F, The tray is trimmed to remove excess material from the labial
vestibule, but tray material is left extending onto the occlusal and incisal surfaces of the teeth. G, The com-
pleted tray is removed from the working cast by soaking in warm water, and the remaining candy adhe-
sive is washed away from the inner surface of the brackets with hot water.

I ndirect Bonding Technique
Indirect bonding is done by placing the brackets on a
model in the laboratory, then using a template or tray to
transfer the laboratory positioning to the teeth. The
advantage is the more precise location of brackets that is
possible in the laboratory An alginate impression, poured
relatively rapidly, gives an accurate enough working cast for

indirect bonding. Custom impression trays and silicone or
rubber impressions are not necessary. Laboratory steps in
indirect bonding are illustrated in Figure 12-22.

For indirect bonding, "no-mix" chemically-activated
materials usually are employed. The composite resin is
placed on the tooth surface in unpolymerized form, while
the polymerization catalyst is placed on the back of the
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FIGURE 12-23

	

Clinical steps in indirect bonding. A, The tray is divided into right and left
halves, if desired for easier handling. The adhesive material, if a third generation resin is used,
or the paste portion of a fourth generation resin, is applied to the back of each bracket in the
transfer tray. The catalyst portion of a fourth generation resin is placed on the tooth surface, so
that mixing occurs when the two components contact each other when the tray is carried to
the mouth. B, The tray or tray section is carried to place, and pressed firmly against the teeth.
C, After the adhesive has set, the tray material is gently peeled away from the teeth. D, Excess
bonding material is removed, with a carbide finishing bur if hardened third generation adhesive
is encountered, or with a sealer if unset fourth generation material is present. If a light-activated
material is the bonding agent, a translucent transfer tray is needed.

brackets. When the tray carrying the brackets is placed
against the tooth surface, the resin immediately beneath
the bracket is activated and polymerizes, but excess resin
around the margins of the brackets does not polymerize
and can easily be scaled away when the bracket tray is re-
moved. This overcomes one of the greatest problems with
indirect bonding, the difficulty of clean-up of excess bond-
ing material when it has hardened. This clinical technique
is illustrated in Figure 12-23.

At present, indirect bonding is used routinely by
some practitioners, but is reserved for special circum-
stances by most. Custom brackets that were manufactured
for an individual patient require the precision of indirect
bonding. More generally, the poorer the visibility, the
more difficult direct bonding becomes, and the greater
the indication for an indirect approach. For this reason,
indirect bonding is almost a necessity for lingual attach-
ments. Bonding an isolated lingual hook or button is not
difficult, but precisely positioning the attachments for a
lingual appliance is, and even the placement of a fixed lin-
gual retainer is done more easily with indirect technique
and a transfer tray.

Debonding
It is as important to remove a fixed appliance safely as to
place it properly. Bands are largely retained by the elasticity
of the band material as it fits around the tooth. This is aug-
mented by the cement that seals between the band and the
tooth, but a band retained only by cement was not fitted
tightly enough. Neither zinc phosphate nor glass ionomer
cement bonds strongly to enamel or stainless steel band ma-
terial. When the band is distorted by force to remove it, the
cement breaks away from the band or the tooth, and there
is almost no chance of damaging the enamel surface.

The greater strength of bonding adhesives becomes a
potential problem in debonding. When a bonded bracket is
removed, failure at one of three interfaces must occur: be
tween the bonding material and the bracket, within the
bonding material itself, or between the bonding material
and the enamel surface. If a strong bond to the enamel
has been achieved, which is the case with the modern
materials, failure at the enamel surface is undesirable, be-
cause the bonding material may tear the enamel surface as it
pulls away from it. The interface between the bonding
material and the bracket is the usual, and preferred, site of
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failure when brackets are removed. The safest way to re-
move metal brackets is to distort the bracket base, which
induces failure between it and the bonding adhesive. This
damages the bracket so that it cannot be reused. The ma-
jor reason for not recycling and reusing brackets is the
possibility of enamel damage when they are removed with-
out distorting the base. If brackets can be removed with-
out damage they can be cleaned, sterilized and reused
without risk to the patient, in exactly the same way as other
medical devices.

Ceramic brackets are a particular problem for debond-
ing, because their base cannot be distorted. They break
before they bend. There are two ways to create adhesion
between a ceramic bracket and the bonding adhesive: me-
chanical retention through undercuts on the bracket base,
as is done with metal brackets; or chemical bonding be-
tween the adhesive and a treated bracket base. It is quite
possible to create such a strong bond between the adhesive
and a chemically treated bracket base that failure will not
occur there-but then when the bracket is removed, there
is a real chance of enamel surface damage. Reports of
enamel damage on debonding began to appear soon after
ceramic brackets were introduced, and have been a problem
ever since.

Modifications to ceramic brackets to enhance the
chance of debonding at the right interface, and electro-
thermal and laser techniques to weaken the adhesive dur
ing debonding, are discussed in the section below on mod-
ern bracket materials.

CHARACTERISTICS OF CONTEMPORARY
EDGEWISE ATTACHMENTS

Edgewise Brackets and Tubes in the
Contemporary "Straight-Wire" Appliance
The contemporary edgewise appliance uses slightly differ-
ent brackets or tubes that are custom-made for each tooth,
with the goal of minimizing the number of bends in arch
wires needed to produce an ideal arrangement of the
teeth-hence the "straight-wire" name (Figure 12-24). An
important concept is that unless the appliance has been
modified from the original design, first-, second-, and
third-order bends are necessary to provide a passive fit of
an arch wire when the teeth are ideally aligned, and are not
used just to correct malaligned teeth.

Variations in Bracket Base Thickness and Elimina-
tion of First-Order Bends. Elimination of first-order
bends requires varying the thickness of the bracket base for
individual teeth and placing attachments for molars at an
angle to the buccal surface, so that molar rotation can be
controlled automatically.

The varying thickness of anterior bracket bases is
shown in Figure 12-25. Because of the prominence of the
canine in each arch, its bracket base must be thin, bring-

FIGURE 12-24 First-, second-, and third-order bends in
edgewise wires. A, First-order bends in a maxillary (left) and
mandibular (right) arch wire. Note the lateral inset required in the
maxillary arch wire, and the canine and molar offset bends that are
required in both. B, Second-order bends in the maxillary incisor
segment to compensate for the inclination of the incisal edge of
these teeth relative to the long axis of the tooth. C, Third-order
bends for the maxillary central incisors and maxillary first molars
showing the twist in the arch wire to provide a passive fit in a
bracket or tube on these teeth. Twist in an arch wire provides
torque in a bracket; the torque is positive for the incisor, negative
for the molar.

FIGURE 12-25

	

First-order, or in-out, bends in the anterior
sector of arch wires can be minimized by varying the thickness of
the bracket base. Note the thin bracket base for the canine, thick
base for the lateral incisor, and intermediate thickness for the cen-
tral incisor in this contemporary appliance. An elastomeric chain
ties the anterior teeth together.

ing the labial surface of these teeth close to the arch wires.
The difference in prominence between the maxillary lat-
eral incisor and canine means that the bracket base for the
lateral incisor, in contrast, must be quite thick, while the
maxillary central incisor is intermediate. In the mandibu-
lar arch, the canine tooth is less prominent, so while a
thin bracket base is used on the canine, an intermediate
thickness base can be used on both lower lateral and cen-
tral incisors. Bracket thickness for both maxillary and
mandibular premolars is approximately equivalent to that
of the canines.

Especially in the maxillary arch, control of molar rota-
tion is important if good interdigitation of the teeth is to be
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achieved. Placing a tube flat along the buccal surface of an
upper molar would result in rotating it as shown in Figure
12-26. For good occlusion, the buccal surface must sit at an
angle to the line of occlusion, with the mesio-buccal cusp
more prominent than the distobuccal cusp. For this reason,
the tube or bracket specified for the upper molar should
have at least a 10-degree offset (Figure 12-27), as should
the tube for the upper second molar.

A similar phenomenon occurs with the lower molars,
but to a lesser extent. The offset for the lower first molar
tubes should be 5 to 7 degrees, about half as much as for the
upper molar. The offset for the lower second molar should
be at least as large as for the first molar. Offsets in some typ-
ical commercially available appliances are shown in Table
12-2 (the listed prescriptions are available in most instances
from several different manufacturers).

Variations in Bracket Slot Angulation and Elimina-
tion of Second-Order Bends. In the original edgewise
appliance, second-order bends, sometimes called artistic
positioning bends, were an important part of the finishing
phase of treatment (see Figure 12-24, B). These bends
were necessary because the long axis of each tooth is in-
clined relative to the plane of a continuous arch wire (Fig-
ure 12-28). Without adequate second-order bends, the in-
cisor teeth are positioned too straight up and down with
the roots too close together, producing an effect some-
times disparagingly called the "orthodontic look" (Figure
12-29). The contemporary edgewise brackets that have a
built-in tip for maxillary incisor teeth routinely produce a
more esthetically pleasing arrangement of the incisors
than was achieved in many instances with the early fixed
appliances.

Distal tip of the upper first molar is also needed to ob-
tain good interdigitation of the posterior teeth. As shown
in Figure 12-30, if the upper molar is too vertically upright,
even though a proper Class I relationship apparently exists,
good interdigitation cannot be achieved. Tipping the mo-
lar distally brings its distal cusps into occlusion and creates

FIGURE 12-26

	

The rhomboidal surface of the upper, and to a
lesser extent the lower, molars means that placing a springy arch wire
through attachments that were flat against the facial surface would
produce a mesio-lingual rotation of these teeth, causing them to take
up too much space in the arch. Compensation requires a bend in the
arch wire, or placing the tube at an angle offset to the facial surface.

FIGURE 12-27

	

Tubes for the upper second molar (A) and
upper first molar (B) in a contemporary appliance. Note the
offset position of the tube so that a first-order bend in the wire is
unnecessary.

TABLE 12-2

	

Molar Tube Offset
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FIGURE 12-28

	

A second-order bend, or an inclination of
the bracket slot to produce the same effect, is necessary for the
maxillary incisors because the long axes of these teeth are in-
clined relative to the incisal edge. The smaller angle (shown
above) is the bracket angulation or the tip. (Redrawn from
Andrews LF: Y Clin Orthod 12:179, 1976.)

FIGURE 12-30

	

A distal inclination or tip of the maxillary
first molar is important for proper posterior occlusal function. If
the mesio-buccal cusp occludes in the mesial groove of the
mandibular first molar, creating an apparently ideal Class I rela-
tionship, proper interdigitation of the premolars still cannot be
obtained if the molar is positioned too upright (A). Tipping the
molar distally (B) allows the premolars to interdigitate properly.
(Redrawn from Andrews LF: Am Y Orthod 62:296, 1972.)

FIGURE 12-31

	

Inclination of the bracket slots on canines
and premolars is not needed for normal positioning. Inclining
the canine and second premolar brackets toward a first premo-
lar extraction space, however, can be used to create an automatic
root paralleling moment. Bracket inclinations of this type can
produce too much root proximity at extraction sites and must be
used with caution.

FIGURE 12-29

	

Achieving the proper inclination of the max-
illa ry incisors is important for good esthetics. A, Dental appear-
ance of a patient treated in the 1960s, with inadequate incisor
torque and inclination. B, Dental appearance of a patient treated
recently with a contemporary edgewise appliance, showing im-
proved torque and inclination.

the space needed for proper relationships of the premolars.
Bracket and tube inclinations (tip) in some commercially
available prescriptions are shown in Table 12-3.

Little if any tip is needed in the canines and premolars
when an arch wire is fitted to an ideal arch. An inclination
of the bracket slot for canines and premolars may be part of
a straight-wire prescription, however, for two reasons: root
paralleling at extraction sites and tip of posterior teeth for
anchorage.

If the bracket slots on the canine and second premolar
are inclined as shown in Figure 12-31, a straight arch wire
will automatically produce a root-paralleling moment dur
ing the closure of a first premolar extraction site. The prob-
lem with bracket inclinations of this type is that the desired
effect can easily be overdone, so that the root apices have
been brought too close together at the conclusion of or-
thodontic treatment. Furthermore, larger slot inclinations
are required on the canines and second premolars for pa-
tients who have first premolar extractions than are appro-
priate for nonextraction patients. Bizarre tooth positions
can result if extraction brackets are used on nonextraction
patients, or if the finishing phase of treatment is prolonged.
Special "extraction brackets" that deviate significantly from
the inclinations shown in Table 12-3 must be used with
considerable caution.
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TABLE 12-3

	

Bracket andlor Tube Inclination (Tip)

FIGURE 12-32

	

Distal tipping of the posterior teeth with
second-order bends in rectangular wire is used in the Tweed tech-
nique to provide increased anchorage. Brackets and molar tubes
angulated to produce the same distal tipping are used in one con-
temporary straight-wire appliance, and distal tipping of molars
for anchorage purposes is included in several other appliance
prescriptions. (From Tweed CH: Clinical Orthodontics, St Louis,
1966, Mosby.)

A second reason for incorporating tip in posterior
brackets relates to anchorage control. In the Tweed tech-
nique for managing premolar extraction treatment with the
original edgewise appliance, it was considered important to
"prepare anchorage." This was done by deliberately tip-

ping the molar teeth distally so that they would better re-
sist mesial displacement during space closure (Figure 12-
32). One presently available appliance (Level Anchorage,
Unitek) is designed to allow the Tweed technique to be
used without the necessity for the second-order bends that
were an important part of the original technique. In this ap-
pliance, distal tipping of the molars and premolars is a
built-in feature. Interestingly, a number of the other appli-
ance prescriptions also include some distal tipping of the
molars, which is not desired in the final position of these
teeth and seems to have been incorporated as a gesture to-
ward anchorage control.

The same inclinations that tip crowns distally also
tend to bring the roots mesially, and careless use of an ap-
pliance with tip built into the posterior brackets can lead
to loss of anchorage. If the molars are tipped somewhat
distally at the end of orthodontic treatment and the patient
has vertical growth remaining (a critical point), the molars
will upright into the normal position. In non-growing
patients, tipbacks in the molars do not resolve so neatly on
their own. As with inclined brackets on canines and pre-
molars, inclined attachments on molars should be used
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with a clear understanding of the effects that will be pro-
duced. In most circumstances, they are not recommended.

Variations in Bracket Slot Inclination (Torque) and
Elimination of Third-Order Bends.

	

If the bracket for a
rectangular arch wire is placed flat against the labial or buc-
cal surface of any tooth, the plane of the bracket slot will
twist away from the horizontal, often to a considerable ex-
tent. With the original edgewise appliance, it was necessary
to place a twist in each rectangular arch wire to compensate
for this (see Figure 12-24). Failure to place third-order
bends meant that in the anterior region, the teeth would
become too upright, while posteriorly the buccal cusps of
molars would be depressed and the lingual cusps elevated
(Figure 12-33). Cutting the bracket slot into the bracket at
an angle, which is called placing torque in the bracket, allows
a horizontally flat rectangular arch wire to be placed into
the bracket slots without incorporating twist bends.

The torque needed in many bracket slots is consider-
able. For incisors, the bracket slot must be at an angle so
that the roots are lingually positioned relative to the crowns
(positive torque). Canines stand relatively upright, whereas
premolars and molars require increasing amounts of nega-
tive torque to position the roots buccally, not lingually.

The amount of torque recommended in the various
appliance prescriptions varies more than any other feature
of contemporary edgewise appliances (Table 12-4). Al
though a number of factors are important in establishing
the appropriate torque, three are particularly germane to
how much torque is used for any particular bracket: (1) the
value that the developer of the appliance chose as the aver-
age normal inclination of the tooth surface (this varies con-
siderably among individuals and therefore can be different
in "normal" samples); (2) where on the labial surface (i.e.,
how far from the incisal edge) the bracket is intended to be
placed (the inclination of the tooth surface varies depend-
ing on where the measurement is made, so that an appli-
ance meant to be placed rather gingivally would have dif-
ferent torque values from one placed more incisally); and
(3) the expected "play" in the bracket slot between the wire
and the slot. As Table 12-5 demonstrates, the effective
torque produced by undersized rectangular wires is far less
than the bracket slot prescription might lead one to expect.
Torque prescriptions for 18-slot brackets tend to be more
conservative (i.e., have less torque in the brackets) than
those for 22-slot appliances. This is because 17 or 18 mil
rectangular steel arch wires are routinely placed in 18-slot
brackets, whereas 21 or 22 mil steel wires may never be
used with 22-slot brackets; thus the torque in the bracket
slot tends to be more effective in the 18-slot appliance. As
rectangular full-dimension titanium wires are used more
and more with the 22-slot appliance, however, it is impor-
tant to remember that the torque prescription may need to
be adjusted to compensate for the better-fitting wires.

Variations in the shape and contour of individual teeth
mean that any given inclination or torque built into a
bracket will be correct for some teeth and incorrect for oth-

FIGURE 12-33

	

The plane of a flat rectangular arch wire rel-
ative to a maxillary incisor and molar is shown in red. To produce
the proper facio-lingual position of both anterior and posterior
teeth, either a rectangular arch wire must be twisted (torqued), or
the bracket slot must be cut at an angle to produce the same
torque effect. Otherwise, the improper inclination shown in red
will be produced. Proper torque is necessary, not to move teeth,
but to prevent undesired movement.

ers because there is so much variation in the morphology of
individual teeth. Slight errors in positioning brackets and
bands also contribute to deviations from the ideal appliance
prescription. For these reasons, even with the contempo-
rary appliances, some third-order bends in finishing are al-
most always required, and some first- and second-order
bends are likely to be necessary.

Bracket Widths and Slot Sizes
Bracket Width.

	

In the original edgewise appliance,
a narrow single bracket was placed in the center of the
tooth, and small eyelets were soldered near the corners of
the bands to provide for control of rotations (see Figure
12-3). Even before the replacement of bands with bonded
attachments made eyelets impractical for anterior teeth,
two more convenient methods for obtaining rotational
control had largely superseded them: the use of two brack-
ets on the labial surface, creating a twin or Siamese
bracket, and the use of wings extending from the single
bracket (Figure 12-34). Both single brackets with wings or
an extended base width and twin brackets remain impor-
tant in contemporary use.

Biomechanical considerations in the choice of wide
(twin) or narrow (single) brackets are discussed in some de-
tail in Chapter 10. In brief summary, wider brackets allow
more positive control of tooth inclination (tip) and are eas-
ier to use when teeth slide along arch wires. Wider brack-
ets inevitably reduce interbracket span, however, which
makes both initial alignment and detailed finishing (align-
ment and torque) more difficult because arch wires become
stiffer as interbracket span decreases.

There is no reason that wide brackets cannot be used
on some teeth and narrow ones on others in the same pa-
tient, and just this arrangement is incorporated into some
contemporary appliances. However, one cannot evade the
basic mechanical principle: the very increase in bracket
width that provides better control of root position mesio-
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TABLE 12-4

	

Bracket andlor Tube Torque

distally also reduces the springiness of arch wires. Con-
versely, any modification of a twin bracket that decreases
interbracket span inevitably reduces control of tooth incli-
nation. Because of this, arch wire choices will be affected
throughout treatment by the width of the brackets.

18- vs. 22-Slot.

	

Biomechanical factors related to use
of 18 as compared with 22 mil bracket slots are also dis-
cussed in some detail in Chapter 10. Briefly, the 22 mil
bracket slot was originally selected to produce optimum
performance with gold arch wires. It remained in use after
gold was replaced by smaller stainless steel wires primarily
because of its advantages in sliding teeth along the wire.
With the 18 mil bracket slot, it is common to almost com-
pletely fill the slot with a rectangular steel arch wire at the
finishing stage of treatment, whereas with the 22 mil
bracket slot, steel full-dimension arch wires are forbid-
dingly stiff and either undersized steel wires or larger but
more flexible titanium arch wires can be used to control
this problem. Although the factors of bracket width and
slot size interact strongly, slot size is even more important
than bracket width in determining arch wire sizes and
sequence at each stage of treatment.

TABLE 12-5

	

Effective Torque
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FIGURE 12-34

	

Either twin brackets or single brackets with wings are used in the contem-
porary edgewise, and it is not unusual to find a combination of bracket types within a single con-
temporary appliance prescription. A, Twin bracket for maxillary central incisor, with the bracket
in a rhomboid or "diamond" configuration to provide the desired 5 degree inclination of the
bracket slot; B, single bracket with upswept wings (Lewis bracket) for a lower incisor. Note the
elastomeric chain tie, which tends to produce rotation. The bracket wing on the right side, con-
tacting the undersurface of the arch wire, provides an antirotation couple with a moment arm
from the bracket to the end of the wing. C, Single bracket with flat wings (Lang bracket) on a
maxillary canine. D, Occlusal view of Lang bracket. Note that on canines, the curvature of the
arch wire tends to bring it into contact with flat wings. These wings can be bent to the precisely
desired position for rotational control after the bracket is placed on the tooth.

Auxiliary Attachments
Auxiliary attachments are an integral part of the contem-
porary edgewise appliance. They fall into four categories:

Headgear Tubes.

	

These 45 or 51 mil round tubes
are placed routinely on maxillary first molars (Figure
12-35, A). They are used for the insertion of the inner bow
of a facebow appliance (see Chapter 15) and can also accept
a heavy auxiliary labial arch wire. Although the headgear
tube can go gingivally or occlusally relative to the slot for
the main arch wire, for ease of access and better hygiene,
the occlusal location is preferred.

Auxiliary Edgewise Tubes. The major purpose
for auxiliary edgewise tubes is to allow the use of seg-
mented arch technique, which is necessary to intrude
teeth and also helpful in other situations. A rectangular
auxiliary tube, placed gingivally to the plane of the main
arch wires, should be present on both the upper and
lower first molars. With this arrangement, the upper first
molar typically has a convertible tube-bracket for the
main arch wires, a gingivally positioned auxiliary rectan-
gular tube, and an occlusally positioned headgear tube.
The lower molar has a convertible tube-bracket for the

main arch wires and a gingivally positioned auxiliary tube
(Figure 12-35, B).

Auxiliary rectangular tubes on the canines are also used
during closure of extraction spaces in the appliance de-
signed by Burstone for segmented arch technique (Figure
12-36). The auxiliary tube on the canine allows the use of
springs connecting the anterior and posterior segments
that are separate from the base arch wires in either seg-
ment. Auxiliary tubes on the canines are only needed for
space closure in special circumstances and can be added to
an arch wire segment (see Chapter 20). For this reason,
they are not routinely used on canines in contemporary ap-
pliance prescriptions. The auxiliary tubes for the molars are
a necessity for leveling by intrusion and are strongly rec-
ommended in all patients.

Auxiliary Labial Hooks.

	

Hooks for interarch elas-
tics are routinely incorporated into the labial attachments
for first and second molars in both arches (see Figure 12
35). These are used as needed for Class 11, Class 111, or
cross-elastics (elastics that correct Class 11, Class III, or
crossbite relationships, respectively). Although integral
hooks are convenient at certain stages of treatment, they
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FIGURE 12-35 Contemporary edgewise tube-bracket attachments to first
molars. A, Maxillary first molar attachment with convertible bracket slot, occlusal
round headgear tube, and gingival auxiliary rectangular tube. B, Mandibular first
molar attachment with convertible bracket slot and gingival auxiliary rectangular
tube. (Courtesy Ormco-A Company.)

FIGURE 12-36

	

Burstone canine bracket, combining a rectangular bracket slot
with a vertical tube that is used for attachment of retraction springs. (Courtesy
Ormco-A Company.)

are full-time food traps and should be used with caution in
patients with doubtful oral hygiene. Large hooks, like the
"power arms" once recommended to facilitate sliding
space closure (see Figure 10-20), are such a hygiene prob-
lem that they are rarely used now despite their mechanical
advantage.

Lingual Arch Attachments.

	

Heavy stabilizing lin-
gual arches can serve as an important adjunct in anchorage
control. They are an important part of segmented arch
technique and are needed when auxiliary arch wires are
used for leveling by intrusion. They also can be an impor-
tant adjunct for anchorage control in space closure in pre-
molar extraction cases, regardless of whether a totally seg-
mented arch approach is used (see Chapter 10).

There are two modern lingual arch attachments. One,
the standard method until the late 1980s, is the horizontal
lingual sheath, made to accept a doubled-over segment of
36 or 30 mil steel wire (Figure 12-37). The other is a lin-
gual bracket made to accept 32 X 32 beta-Ti or steel wire
(Figure 12-38). 14 Twin vertical tubes are an acceptable but

FIGURE 12-37

	

Horizontal lingual sheath to accept doubled-
over 30 or 36 mil steel wire. (Courtesy 3M-Unitek.)

less effective alternative; the single vertical tubes used in
mid-century are no longer recommended (see Chapter 13).

In modern orthodontics, lingual arches are used for
two quite different purposes: stabilization of the arch, to re-
inforce anchorage; and tooth movement. For stabilization,
the lingual arch needs to be as stiff and rigid as possible. For
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FIGURE 12-38

	

The most recent development in lingual arches is the use of a lingual
bracket with a 32 X 32 slot and locking cap (A, open; B, closed, with opening tool shown).
The rectangular wire gives excellent three-dimensional control of the molars. The lingual
arch can be made from either beta-Ti or steel wire. The more resilient beta-Ti wire is used
when tooth movement is desired, the more rigid steel wire when the primary purpose is
stabilization for anchorage. (Courtesy Ormco-A Company).

tooth movement, it should be flexible, so that light forces
and a reasonable range of action are produced.

With steel lingual arches, 36 mil wire is preferred for
stabilization, while 30 mil is better for tooth movement.
This produces a problem if the treatment plan calls for us
ing a lingual arch for some tooth movement initially, then
leaving it in place for stabilization. It is not practical to re-
move molar bands and change lingual arch brackets in the
middle of treatment, but tooth movement followed by sta-
bilization is a common treatment plan. For example, a lin-
gual arch often is used initially to rotate maxillary molars
disto-bucally, and then is left in place while these teeth
serve as anchorage for other tooth movement (see Chapter
16). Despite its excessive stiffness for the tooth movement,
the 36 mil version of steel lingual arches performs better
clinically in these cases. The new lingual arch brackets of-
fer the possibility of using 32 X 32 beta-Ti wire for the ini-
tial tooth movement, then replacing it with 32 X 32 steel
for stabilization. 1 5

Lingual Cleats or Buttons.

	

It is convenient to have
a lingual cleat or button on at least one molar, to allow the
use of cross-elastics if necessary during treatment. In ad
dition, lingual cleats on premolars and canines can help in
controlling rotations during space closure (see Chapter
17). It is common practice to place a lingual cleat or but-
ton on banded posterior teeth, but isolated bonded lin-
gual attachments are not recommended because of the
risk that they could become detached and be swallowed by
the patient. If it is necessary to use a bonded lingual at-
tachment, tying it to the labial arch wire is a way to con-
trol this risk.

Appliance Materials

Stamped vs. Cast Stainless Steel Brackets. The
brackets and tubes for an edgewise appliance must be pre-
cisely manufactured so that the internal slot dimensions
are accurate to at least 1 mil. Until the recent introduction
of ceramic and titanium brackets, fixed appliances had

been fabricated entirely from stainless steel for many
years, and steel remains the standard material for appli-
ance components.

There are two ways to produce steel edgewise brack-
ets and tubes: from thin metal strip material that is
stamped to shape, or by casting. Although stamped brack
ets and tubes were used almost routinely until the pre-
scription straight-wire appliances were introduced, cast at-
tachments are both more accurate and more durable, and
clearly are superior. Most of the brackets and tubes for
contemporary appliances now are castings, but some inex-
pensive appliances still use stamped brackets and tubes.
Effective use of the straight-wire approach all but de-
mands the precision of castings.

Nickel Sensitivity: Titanium as an Alternative to
Stainless Steel. Nickel is a potentially allergenic mater-
ial. Given the significant nickel content of stainless steel, it
is fortunate for orthodontists that mucosal allergic reac-
tions to nickel are much less prevalent than cutaneous re-
actions. Cutaneous sensitization to nickel often develops
from skin contact with cheap jewelry, and 10% or more of
the population now have some degree of sensitivity to
nickel. 16 Most patients who show skin reactions tolerate
stainless steel orthodontic appliances quite satisfactorily,
but an increasing number do not. Some European coun-
tries are now considering a ban on steel orthodontic appli-
ances because of the risk of allergic responses.

The metal alternatives to steel are precious metal, long
since abandoned because of performance and cost consid-
erations, and titanium, which contains no nickel and is ex
ceptionally biocompatible. Titanium arch wires have been
used since the 1980s. Titanium brackets are difficult to
fabricate, but now are available and seem to perform satis-
factorily. For patients with nickel allergy, the choice would
be between these brackets and non-metallic ones.

Non-Metallic Appliance Materials. Recurring ef-
forts have been made to make fixed appliances more esthetic
by eliminating their metallic appearance. A major impetus
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FIGURE 12-39

	

Clear or tooth-colored plastic brackets can
be used on incisors to decrease the visibility of orthodontic appli-
ances. A, Polycarbonate incisor brackets with an unconventional
shape to minimize bracket failure. Frictional resistance to sliding
is a particular problem with brackets of this type; B, plastic brack-
ets with metal slots embedded into the body of the bracket. The
metal slots reduce sliding friction but the bracket still is not rigid
enough for active torque. With a metal arch wire in place, the
metal slot is not obvious.

to the development of bonding for orthodontic attachments
was the elimination of the unsightly metal band. Tooth-col-
ored or clear brackets for anterior teeth became practical
when successful systems for direct bonding were developed
(Figure 12-39). Although they were introduced with con-
siderable enthusiasm in the early 1980s, plastic brackets suf-
fered from three largely unresolved problems: (1) staining
and discoloration, particularly in patients who smoke or
drink coffee; (2) poor dimensional stability, so that it is not
possible to provide precise bracket slots or build in all the
straight-wire features; and (3) friction between the plastic
bracket and metal arch wires that makes it very difficult to
slide teeth to a new position. Using a metal slot in the plas-
tic bracket helps the second and third problems, but even
with this modification, plastic brackets are useful only when
complex tooth movements are not required.

Ceramic brackets, which were first made available
commerically in the late 1980s, largely overcome the es-
thetic limitations of plastic brackets in that they are quite
durable and resist staining. In addition, they can be cus-
tom-molded for individual teeth and are dimensionally sta-
ble, so that the precise bracket angulations and slots of the
straight-wire appliance can be incorporated. Four different
types of ceramic brackets currently are available (Table
12-6). The new brackets were received enthusiastically and
immediately achieved widespread use, but problems with
fractures of brackets, friction within bracket slots, wear on
teeth contacting a bracket, and enamel damage from bracket
removal soon became apparent.

TABLE 12-6

	

Ceramic Brackets

Fractures of ceramic brackets are a problem in two
ways: loss of part of the brackets (e.g., tie wings) during
arch wire changes or eating, and cracking of the bracket
when torque forces are applied. Ceramics are a form of
glass, and like glass, ceramic brackets tend to be brittle. Be-
cause the fracture toughness of steel is much greater, ce-
ramic brackets must be bulkier than stainless steel brackets,
and the ceramic design is much closer to a wide single
bracket than is usual in steel. Under stress in the laboratory,
metal brackets begin to deform under lower loads than
those at which ceramic brackets fail, but the ceramic brack-
ets break catastrophically at the point of failure, with no
plastic deformation.

Most currently-available ceramic brackets are pro-
duced from alumina, either as single-crystal or polycrys-
talline units. In theory, single-crystal brackets should offer
greater strength, which is true until the bracket surface is
scratched. At that point, the small surface crack tends to
spread, and fracture resistance is reduced to or below the
level of the polycrystalline materials.' 7 Scratches, of course,
are likely to occur during the course of treatment.

For successful torquing tooth movements, moments
between 2000 and 3500 gm-mm are required. Both theo-
retical analysis and clinical testing suggest that under
stresses of this magnitude, fracture of ceramic brackets is
likely to occur. 's For this reason, despite their straight-wire
features, it may be necessary to use torquing auxiliaries to
complete the final positioning of incisor teeth when ce-
ramic brackets are employed.

Although ceramic brackets are better in this regard
than plastics, frictional resistance to sliding has proved to
be greater with ceramic than with steel brackets. Because of
the multiple crystals, polycrystalline alumina brackets have
relatively rough surfaces (Figure 12-40). Even though
monocrystalline alumina is as smooth as steel, these brack-
ets also show greater friction than steel, perhaps reflecting
a chemical interaction between the wire and bracket mate-
rial. With ceramic as with steel brackets, friction is worst
with beta-Ti wires (Figure 12-41).' 9 The bracket surface
can abrade the surface of the relatively soft beta-Ti wire, so
that small pieces of the wire are pulled out and adhere to
the bracket (Figure 12-42). Even with steel wires, nicks and
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FIGURE 12-4®

	

Scanning electron microscope views of brackets. A, stainless bracket (Uni-Twin,
3 M-Unitek); B, commercially pure titanium (Rematitan, Dentarum); C, polycrystalline alumina (Allure,
GAC); D, polycrystalline alumina (Transcend, 3M-Unitek); E, monocrystalline alumina (Starfire, A Co.);
F, polycrystalline zirconia (Toray, Yamaura). Note the smooth surfaces of the monocrystalline alumina and
steel brackets compared with the rougher surface of the polycrystalline alumina and zirconia brackets
(which vary from one manufacturer to another). The titanium bracket slot is smooth but not quite as
smooth as steel. (Courtesy Dr. R. Kusy)
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FIGURE 12-41

	

Coefficients of friction for the wet (human
saliva) and dry states, for four arch wires sliding in stainless steel
and polycrystalline alumina (PCA) brackets. Note that the NiTi
and beta-Ti wires look much worse under dry than wet condi-
tions, in comparison with steel and cobalt-chromium wires. Fric-
tion is quite similar in the steel and ceramic brackets. (Redrawn
from Kusy and Whitley: Sem Orthod 3:166-177, 1997.)

cuts in the surface of the wire often are observed after
movement of the wire against a ceramic bracket. The im-
portance of increased friction depends to some extent on
technique: the more the orthodontist will close spaces by
sliding, the more important it is, and conversely, the more
loops are used for space closure, the more friction can be
tolerated.

Although occlusal contacts against brackets are avoided
when possible, many patients bite against a bracket or tube
at some point in treatment. If the occlusion is against a steel
bracket, little or no wear of enamel occurs, but ceramic
brackets can abrade enamel quite rapidly (Figure 12-43).
This risk is largely avoided if ceramic brackets are placed
only on the upper anterior teeth, which is the location
where improved esthetics is most important. Most patients
will accept ceramic brackets only where they are most visi-
ble and steel or titanium brackets elsewhere, and in most

FIGURE 12-42

	

Scanning electron microscope view of a steel
wire that was severely notched by sliding through a ceramic
bracket: A, at the left and, B, at the right canine region. In gen-
eral, ceramic brackets cause more damage to wires than stainless
steel brackets, regardless of the opposing wire alloy. Note that the
damage is greatest on the lingual aspect of the canine region.
(Copyright R. Kusy; reprinted with permission.)

circumstances this is now the preferred arrangement to
prevent enamel abrasion.

As noted above in the section on debonding, ceramic
brackets also can be a problem when it comes time for
bracket removal. Distorting the ceramic bracket base to in
duce failure between the bracket and adhesive is not possi-
ble. For safe debonding, it is best to select ceramic brackets
with mechanical retention between the base and the adhe-
sive, not chemical retention. Some recently introduced
brackets have an additional interface at the bracket base
that is designed to be the point of failure. Ceramic brackets
with a metal slot will fracture at the slot, and if a bracket of
this type has mechanical retention at the bracket base, this
facilitates removal.

In addition, the debonding technique is important.
The current recommendation is to either:

1. use a debonding instrument that concentrates force
at the bracket-adhesive interface (sharp cutter), or
an instrument that induces an asymmetric shearing
rather than a torquing stress, 20 or

2. use a thermal or laser instrument to weaken the ad-
hesive (by heating it), to induce failure within the
bonding agent itself. Thermal debonding of this
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FIGURE 12-43

	

Ceramic brackets can cause abrasion of teeth
if they are in occlusal contact. Note the abrasion of the mesial sur-
face of the maxillary right canine in this patient, caused by contact
with the mandibular canine bracket. Ceramic brackets for the
mandibular arch must be used with extreme care to avoid this
complication.

type is quite effective in reducing the chance of
enamel damage. Unfortunately, it introduces the
chance of pulpal damage unless the heat application
is controlled quite precise ly. 21

Just as composite plastic fibers are likely to replace
metal arch wires in clinical orthodontics (see Chapter 10),
it seems highly probable that composite plastic brackets
will become the standard in another few years. Composite
plastics with better physical properties than metal already
exist. It is just a matter of overcoming the engineering
problems to produce satisfactory brackets. The better es-
thetic qualities of these materials compared with metal be-
come almost a fringe benefit.

Pre-formed Arch wires and Arch Form
As another contributor to increased efficiency, preformed
arch wires are an important part of the modern appliance.
For all practical purposes, there is no choice but to use pre-
formed NiTi and beta-Ti wires. What arch form should be
employed?

The concept that dental arch form varies among in-
dividuals is driven home to most dentists in full denture
prosthodontics, where it is taught that the dimensions
and shape of the dental arches are correlated with the di-
mensions and shape of the face. The same variations in
arch form and dimensions of course exist in the natural
dentition, and it is not the goal of orthodontic treatment

to produce dental arches of a single ideal size and shape
for everyone.

The basic principle of arch form in orthodontic treat-
ment is that within reason, the patient's original arch form
should be preserved. Most thoughtful orthodontists have
assumed that this would place the teeth in a position of
maximum stability, and long-term retention studies sup-
port the view that posttreatment changes are greater when
arch form is altered than when it is maintained . 22 The nor-
mal variations in arch form, however, are not reflected in
the preformed arch wires presently available, and it is im-
portant to keep in mind during orthodontic treatment that
if preformed arch wires are used, their shape should be con-
sidered a starting point for the adjustments necessary for
proper individualization (Figure 12-44).

When a Class II malocclusion is present, there is a
tendency for the maxillary arch to assume an excessively
tapered form. In most Class 11 patients, it can be seen that
when the lower arch is brought forward into a proper re-
lationship, there is an incompatibility in arch form because
the upper arch is too constricted across the canines and
premolars (Figure 12-45). In this circumstance, it is neces-
sary during orthodontic treatment to change the maxillary
arch form. As a more general guideline, if the maxillary
and mandibular arch forms are incompatible at the begin-
ning of treatment, the mandibular arch form should be
used as a basic guide. Obvious exceptions are encountered,
however, in patients in whom the mandibular arch form
has been distorted. This distortion can happen in a num-
ber of ways, the most common being lingual displacement
of the mandibular incisors by habits or heavy lip pressures,
and unilateral drift of teeth in response to early loss of pri-
mary canines or molars. Although some judgment is re-
quired, the arch form desired at the end of orthodontic
treatment should be determined at the beginning, and the
patient's occlusal relationships should be established with
this in mind.

Despite wide acceptance of the idea that arch forms
vary among individuals, there is a long orthodontic tradi-
tion of seeking a single ideal arch form. For many years, the
Bonwill-Hawley arch form dominated orthodontic think-
ing. This arch form was based on establishing the anterior
segment of the dental arch, from canine to canine, on a seg-
ment of the arc of a circle, and extending the posterior seg-
ments along a straight line. The radius of the arch varied
depending on the size of the incisor teeth, so that arch di-
mensions differed as a function of tooth size, but arch form
was constant for all individuals. The patient's original arch
form was not considered. This approach can no longer be
recommended.

An excellent mathematical description of the natural
dental arch form is provided by a catenary curve, which is
the shape that a loop of chain would take if it were sus
pended from two hooks. The length of the chain and the
width between the supports determine the precise shape of
the curve. When the width across the first molars is used to
establish the posterior attachments, a catenary curve fits



CHAPTER 12

	

Contemporary FixedAppliances

	

41 5

FIGURE 11-44

	

Lower casts of three untreated potential orthodontic patients. Note the
difference in arch form.

FIGURE 12-45

	

Frontal view of the dental casts of this boy
with a typical Class 11 malocclusion, with the casts placed into a
Class I molar relationship. Note that a crossbite results because of
the relatively narrow upper arch. In treatment of Class 11 patients,
this effect usually requires some change in upper arch form.

the dental arch form of the premolar-canine-incisor seg-
ment of the arch very nicely for most individuals. Excep-
tions include patients whose arches would fall into the
prosthodontists' classifications of square or tapering arch
forms. For all individuals, the fit is not as good if the cate-
nary curve is extended posteriorly, because the dental arch
normally curves slightly lingually in the second and third
molar region (Figure 12-46). Most of the preformed arch
wires offered by contemporary manufacturers are based on
a catenary curve, with average intermolar dimensions.

Although these arch wires are a good starting point, it
is apparent that even if one accepts the catenary curve as
ideal, their shape should be modified if the first molar

FIGURE 12-46

	

Preformed arch wire with catenary arch form
on a lower dental cast from an untreated patient. Note the good
correspondence between the arch form and the line of occlusion,
except for the second molar.

widths are unusually wide or narrow. Modifications to ac-
commodate for a generally more tapering or more square
morphology are also appropriate, and the second molars
must be "tucked in" slightly.

Another mathematical model of dental arch form,
originally advocated by Brader and often called the Brader
arch form, is based on a trifocal ellipse. The anterior seg
ment of the trifocal ellipse closely approximates the ante-
rior segment of a catenary curve, but the trifocal ellipse
gradually constricts posteriorly in a way that the catenary
curve does not (Figure 12-47). The Brader arch form,
therefore, will more closely approximate the normal posi-
tion of the second and third molars. It also differs from a
catenary curve in producing somewhat greater width across
the premolars.

Preformed arch wires prepared to an average Brader
arch form are available commercially in a limited range of
sizes, which can reduce the amount of individualization
necessary. Like the catenary curve, however, the Brader
arch form represents what the prosthodontists would call a
mid-range arch form, which will require some alteration



416

	

SECTION V

	

Fixed and Removable Appliances

FIGURE 12-47

	

A, The Brader arch form for preformed arch
wires is based on a trifocal ellipse, which slightly rounds the arch
in the premolar region compared with a catenary curve and con-
stricts it posteriorly. B, An arch wire formed to the Brader curve
fits much better in the second molar region for this untreated
patient than a catenary curve would (compare with Figure 12-46).

for either the relatively square or relatively tapering normal
arch form variations. Recently, several manufacturers have
offered preformed arch wires that appear to be variations of
the Brader arch, with advertisements that suggest these
wires are more compatible with expansion therapy than
conventional arch forms; however, there are no data to sup-
port this contention. More refined mathematical descrip-
tions of typical human arch forms have appeared recently, 23
and it is likely that better mathematical models will im-
prove the preformed arch wires available in the near future.

It is important to keep in mind that the adjustments
placed in brackets for all of the straight-wire edgewise sys-
tems have nothing to do with arch form, which is still es
tablished by the shape of the arch wires connecting the
brackets. Arch form is particularly important during the
finishing stage of treatment, when heavy rectangular arch
wires are employed. Preformed arch wires are often listed
in the catalogs as "arch blanks" and the name is appropri-
ate, since this properly implies that a degree of individual-
ization of the shape of the preformed arch wires will be
required to accommodate the needs of patients.
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TREATMENT OF
ORTHODONTIC PROBLEMS

I N PREADOLESCENT
CHILDREN

"P reventive and interceptive orthodontics," as a description of orthodontic treatment in
children, is largely devoid of meaning in an era when treatment for a preadolescent child

usually is followed by comprehensive treatment in the early permanent dentition. The prob-
lem with this description, though semantic, is not trivial: it encourages inappropriate expec-
tations from this treatment, implying that if the right treatment were done at an early age, no
further treatment would be needed. "Prevention" of malocclusion is possible only in a few
special circumstances. "Interceptive" treatment can be very helpful in reducing the severity of
problems but rarely is so successful that later treatment becomes unnecessary. The current
concept is that most children who have orthodontic treatment in the preadolescent years will
require a second stage of treatment after their succedaneous teeth erupt.

Despite this, treatment in the mixed dentition (or occasionally in the primary dentition)
can be very helpful. In the discussion that follows, treatment is described in terms of appro-
priate responses to specific situations-without the "preventive" or "interceptive" labels.

Orthodontic problems in children can be divided conveniently into nonskeletal (den-
tal) and skeletal problems, which are treated by tooth movement and by growth modifica-
tion, respectively. Treatment of nonskeletal problems is described in Chapters 13 and 14,
and skeletal problems are discussed in Chapter 15. The complexity of the treatment proce-
dures varies. Some are definitely within the scope of the general practitioner, whereas oth-
ers rarely should be attempted outside specialty practice. Even the simplest treatment in
children requires continuous reevaluation to be sure that the expected response is occur-
ring. The transition of the dentition, coupled with rapid growth, means that rapid changes
can and do occur. In children, appliance therapy tends to be simpler than in adults, where
all changes that occur must be caused by tooth movement, but treatment planning and
monitoring are more complex. Whether treatment in children involves skeletal or
nonskeletal problems, the totality of changes must be considered. Although diagnosis and
treatment planning are not discussed in this section, which focuses on treatment, careful
analysis and planning are imperative before any treatment begins.



Treatment of Moderate Nonskeletal
Problems in Preadolescent Children

Crowded and irregular teeth

Space maintenance

Minor incisor irregularity

Localized space loss and regaining

Moderate generalized space shortage

Anterior dental spacing

Midline diastema

Generalized anterior spacing

Eruption problems

Over-retained primary teeth

Ankylosed primary teeth

Ectopic eruption

Occlusal relationship problems

Posterior crossbites

Anterior crossbites

Maxillary dental protrusion and spacing

Oral habits and open bites

Our approach to treatment of dental problems in preado-
lescent children is built around the triage scheme presented
in some detail in Chapter 6. The triage makes two critical
distinctions: first between nonskeletal and skeletal ortho-
dontic problems, then by severity among the nonskeletal
problems. In this chapter, we presume that these distinc-
tions have been made and using facial form analysis or (less
frequently) cephalometric analysis and then space analysis
as the key diagnostic procedures. This chapter focuses on
treatment procedures for children who would be selected
by that process. They have moderately severe orthodontic
problems, or potential problems, that are within the
purview of any dentist.

CROWDED AND IRREGULAR TEETH

Irregular and malaligned teeth in the early mixed dentition
arise from two major causes: (1) lack of adequate space for
alignment, which causes an erupting tooth to be deflected
from its normal position in the arch; and (2) interferences
with eruption, which prevent a permanent tooth from erupt-
ing on a normal schedule and secondarily can lead to space
problems because other teeth drift to improper positions.
The goal of early treatment is either to prevent teeth from
drifting and reducing the space available for the permanent
teeth, or to create some additional space within the dental
arch so that alignment becomes possible. From this perspec-
tive, the guidelines used in the triage scheme must be kept in
mind: more than 3 to 4 mm of discrepancy between the
amount of space available for the teeth and the amount of
space required is a severe problem, not a moderate one.

Missing Primary Teeth with Adequate Space:
Space Maintenance
Early loss of a primary tooth presents a potential alignment
problem because drift of permanent or other primary teeth
is likely unless it is prevented by space maintenance. Space
maintenance is appropriate only when adequate space is
available and all unerupted teeth are present and at the
proper stage of development. If there is not enough space
or if succedaneous teeth are missing, space maintenance
alone is inadequate. The indications and contraindications
for space maintenance are discussed in Chapter 7; the
discussion here focuses on the treatment procedures.

Several treatment techniques can be used successfully
for space maintenance, depending on the specific situation.

Band and Loop Space Maintainers.

	

The band and
loop is a unilateral fixed appliance indicated for space
maintenance in the posterior segments. It is used most
frequently to maintain the space of a primary first molar
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before eruption of the permanent first molar, but it also can
be used to maintain the space of either a primary first or
second molar after the permanent first molar has erupted.
The simple cantilever design makes it ideal for isolated
unilateral space maintenance (Figure 13-1). Because the
loop has limited strength, this appliance must be restricted
to holding the space of one tooth and is not expected to
accept functional forces of chewing. Although bonding a
rigid or flexible wire across the edentulous space has been
advocated as an alternative, this arrangement has not
proved satisfactory clinically. It also is no longer considered
advisable to solder the loop portion to a stainless steel
crown because this precludes simple appliance removal and
replacement. Teeth with stainless steel crowns should be
banded like natural teeth.

If a primary second molar has been lost, the band can
be placed on either the primary first molar or the perma-
nent first molar. Some clinicians prefer to band the primary
tooth in this situation because of the risk of decalcification
around any band, but primary first molars are challenging
to band because of their morphology, which converges
occlusally and makes band retention difficult. A more
important consideration is the eruption sequence of the
succedaneous teeth. The primary first molar should not be

banded if the first premolar is developing more rapidly
than the second premolar, because loss of the banded abut-
ment tooth would require replacement of the appliance.

Ideally, the loop portion should be wide enough faci-
olingually to allow eruption of the permanent premolar
without removing the appliance, but this arrangement is
difficult to achieve. The loop also should be in close
approximation to the ridge without impinging on the soft
tissue. It should not restrict any physiologic movement or
adjustment of the adjacent teeth, such as the lateral adjust-
ment of the primary canines that accompanies eruption of
the permanent incisors and provides anterior space for the
incisors.' An occlusal rest is an optional addition to the
loop portion of the appliance when it is used in the poste-
rior segments. This addition (see Figure 13-1, D) prevents
gingival tipping of the appliance and the abutment teeth,
which can result in gingival irritation and space loss. Un-
fortunately, the loop provides little if any functional re-
placement for the missing tooth and will not prevent
supereruption of teeth in the opposing arch.

Before eruption of the permanent incisors, if a single
primary molar has been lost bilaterally, a pair of band and
loop maintainers are recommended instead of the lingual
arch that would be used if the patient were older. This is

FIGURE 13-1

	

A band and loop space maintainer is generally used in the mixed dentition to
save the space of a single prematurely lost primary molar. It consists of a band on either a primary
or permanent molar and a wire loop to maintain space. A, The loop portion made from 36 mil
wire is carefully contoured to the abutment tooth without restricting lateral movement of the
primary canine and B, the loop is also contoured to within 1.5 mm of the alveolar ridge. The
solder joints should fill the angle between the band and wire to avoid food and debris accumula-
tion. C, A completed band and loop maintainer in place after extraction of a primary first
molar; D, an occlusal rest, shown here on the primary first molar, can be added to the loop
portion to prevent the banded teeth from tipping mesially.
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advisable because the permanent incisor tooth buds are
lingual to the primary incisors and often erupt lingual to
their predecessors. The bilateral band and loops enable the
permanent incisors to erupt without interference from a
lingual arch wire. At a later time the two bands and loops
can be replaced with a single lingual arch if necessary.

Partial Denture Space Maintainers. The partial
denture is most useful for bilateral posterior space main-
tenance when more than one tooth has been lost per seg
ment and the permanent incisors have not yet erupted. In
these cases, because of the length of the edentulous space,
band and loop space maintainers are contraindicated, and
the lingual position of the unerupted permanent incisors
and their likely lingual position at initial eruption make
the lingual arch a poor choice. The partial denture also
has the advantage of replacing occlusal function. Another
indication for this appliance is posterior space mainte-
nance in conjunction with replacement of anterior teeth
for esthetics (Figure 13-2). Replacement of primary ante-
rior teeth for esthetics is reasonable, but anterior space
maintenance is unnecessary because arch circumference
generally is not lost even if the teeth drift and redistribute
the space. 2

Excellent retention of a partial denture appliance is
necessary for good patient compliance and usually requires
several clasps. The clasps must accommodate the lateral
movement of the primary canines that occurs during per-
manent incisor eruption. For this reason, clasps on these
teeth may have to be removed or adjusted periodically.
Frequently, the acrylic portion of the appliance must be
modified to allow permanent teeth to erupt. Problems
often encountered with partial dentures in a young child
are failure to wear the appliance, which leads to space loss,
or the other extreme, failure to remove it for cleaning,
which can cause soft tissue irritation.

Distal Shoe Space Maintainers.

	

The distal shoe is
the appliance of choice when a primary second molar is lost
before eruption of the permanent first molar. This appli
ance consists of a metal or plastic guide plane along which
the permanent molar erupts. The guide plane is attached to
a fixed or removable retaining device (Figure 13-3). When
fixed, the distal shoe is usually retained with a band instead
of a stainless steel crown so that it can be replaced by an-
other type of space maintainer after the permanent first
molar erupts. Unfortunately, this design limits the strength
of the appliance and provides no functional replacement
for the missing tooth. If primary first and second molars are
missing, the appliance must be removable because of the
length of the edentulous span and the guide plane is in-
corporated in a partial denture. This type of appliance can
provide some occlusal function.

To be effective, the guide plane must extend into the
alveolar process so that it contacts the permanent first mo-
lar approximately 1 mm below the mesial marginal ridge, at
or before its emergence from the bone. An appliance of this

FIGURE 13-2

	

The removable partial denture is used to re-
place anterior teeth for esthetics and, at the same time, maintain
the space of one or more prematurely lost primary molars. For
this patient, the four incisors and the primary right first molar are
replaced by the partial denture. Multiple clasps, preferably
Adams' clasps, are necessary for good retention. Both the clasps
and the acrylic need frequent adjustment to prevent interference
with physiologic adjustment of primary teeth during eruption of
permanent teeth. The C-clasps on the primary canines provide
limited retention and are good examples of clasps that need
continued careful attention.

type is tolerated well by most children but is contraindi-
cated in patients who are at risk for subacute bacterial
endocarditis or who are immunocompromised, because
complete epithelialization around the intra-alveolar por-
tion has not been demonstrated. Careful measurement
and positioning are necessary to ensure that the blade will
ultimately guide the permanent molar. Faulty positioning
is the most common problem with this appliance.

Lingual Arch Space Maintainers.

	

A lingual arch is
indicated for space maintenance when multiple primary
posterior teeth are missing and the permanent incisors
have erupted (Figure 13-4, A and B). A conventional lin-
gual arch, attached to bands on the primary second or per-
manent first molars and contacting the cingula of the max-
illary or mandibular incisors, prevents anterior movement
of the posterior teeth and posterior movement of the an-
terior teeth.

A lingual arch space maintainer is usually soldered to
the molar bands but can be removable, depending on the
number of adjustments anticipated and the care of the
appliance expected from the patient. Removable lingual
arches (e.g., those that fit into attachments welded onto
the bands) are more prone to breakage and loss because
they use frictional retention instead of solder joints and
because the lingual arch wires usually have acute bends
that help to form some type of attachment or locking
mechanism. The tight bends weaken the wires by intro-
ducing high stress points. Regardless of whether it is re-
movable, the lingual arch should be positioned to rest on
the cingula of the incisors, approximately 1 to 1.5 mm off
the soft tissue, and should be stepped to the lingual in the
canine region to remain away from the primary molars
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FIGURE 13-3

	

The distal shoe space maintainer is indicated when a primary second molar is
lost before eruption of the permanent first molar and is usually placed at or very soon after the
extraction of the primary molar. A, The loop portion, made of 36 mil stainless steel wire, and the
intra-alveolar blade are soldered to a band so the whole appliance can be removed and replaced
with another space maintainer after the permanent molar erupts. B, The loop portion must be
contoured closely to the ridge since the appliance cannot resist excessive occlusal forces from the
opposing teeth. C, This distal shoe space maintainer was placed at the time of extraction of the
primary second molar. D, The blade portion must be positioned so that it extends approximately
1 mm below the mesial marginal ridge of the erupting permanent tooth to guide its eruption.
This position can be measured from pretreatment radiographs and verified by a radiograph taken
at try-in or post-cementation. An additional occlusal radiograph can be obtained if the faciolin-
gual position is in doubt.

and the unerupted premolars (Figure 13-4, C). The most
common problems with lingual arches are distortion,
breakage, and loss. Careful instructions to parents and
patients often alleviate these problems. Maxillary lingual
arches of this type are not familiar to many clinicians but
are contraindicated only in patients whose bite depth
causes the lower incisors to contact the arch wire on the lin-
gual of the maxillary incisors (Figure 13-4, D). When bite
depth does not allow use of a conventional design, either
the Nance lingual arch or a transpalatal arch can be used.

The Nance arch is simply a maxillary lingual arch that
does not contact the anterior teeth but approximates the
anterior palate (Figure 13-4, E). The palatal portion incor
porates an acrylic button that contacts the palatal tissue,
which in theory provides resistance to anterior movement
of the posterior teeth. The appliance is an effective space
maintainer, but soft tissue irritation can be a problem. The
acrylic portion can become embedded in the soft tissue
if the palatal tissue hypertrophies because of poor hygiene
or if the appliance is distorted.

The transpalatal arch runs directly across the palatal
vault, avoiding contact with the soft tissue (Figure 13-4, F).
When permanent maxillary molars move anteriorly, they
rotate mesiolingually around the large lingual root. The
transpalatal arch reduces anterior molar movement by pre-
venting this rotation. The best indication for a transpalatal
arch is when one side of the arch is intact and several pri-
mary teeth are missing on the other side. In this situation,
the rigid attachment to the intact side usually provides
adequate stability for space maintenance. When primary
molars have been lost bilaterally, however, both permanent
molars may tip mesially despite the transpalatal arch, and a
conventional lingual arch or Nance arch is preferred. The
most common problems with the transpalatal arch are
failure to adequately maintain space and failure of the
appliance to remain passive. If the appliance is not passive,
unexpected vertical and transverse movements of the
permanent molars can occur.

A flowchart is provided to help guide decision making
for space maintenance (Figure 13-5).
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The lingual holding arch is generally used to maintain space for premolars af-
ter premature loss of the primary molars when the permanent incisors have erupted. A, The arch
is made of 36 mil wire with adjustment loops mesial to the permanent first molars. B, This sol-
dered lingual arch successfully maintained the space for the premolars. C, The ideal arch is
stepped away from the premolars to allow their eruption without interference, which results in a
keyhole design. The wire is also 1.5 mm away from the soft tissue at all points. D, A maxillary
lingual arch is used when the overbite is not excessive, or E, a Nance arch with an acrylic button
in the palatal vault is indicated if the overbite is excessive. The palatal button must be monitored
because it may cause soft tissue irritation. F, The transpalatal arch prevents a molar from rotat-
ing mesially into a primary molar extraction space, and this largely prevents its mesial migration.
Several teeth should be present on at least one side of the arch when a transpalatal design is
employed as a sole space maintainer.

Irregular Incisors, No Space Discrepancy
In some children space analysis shows that enough space
for all the permanent teeth ultimately will be available, but
relatively large permanent incisors and primary molars
cause transient crowding of the permanent incisors. This
crowding is usually expressed as mild faciolingual displace-
ment or rotation of individual anterior teeth.

Studies of children with normal occlusion indicate
that when they go through the transition from the pri-
mary to the mixed dentition, up to 2 mm of incisor crowd
ing may resolve spontaneously without treatment (see
Chapter 4). From this perspective, as a general rule there

is no need for treatment when less than 2 mm of incisor
crowding is observed during the mixed dentition. Not
only is reduction of this small amount of crowding prob-
ably not warranted, there is no evidence that long-term
stability will be greater if the child receives early treat-
ment to improve alignment.

If exaggerated parental concern creates a problem, or
if slightly more anterior irregularity is present, one could
consider disking the interproximal enamel surfaces of the
primary lateral incisors (Figure 13-6) or canines (Figure
13-7) as the anterior teeth erupt. When the enamel thick-
ness at the height of contour is reduced, additional space



FIGURE 13-6

	

Disking of primary incisors is a method to re-
duce anterior crowding and provide space for erupting permanent
incisors during the early transitional dentition years.

becomes available for spontaneous alignment. Minor
amounts of disking do not cause patient discomfort, but
maximum disking may require local anesthesic and pro-
duce some postoperative sensitivity. It is possible to gain as
much as 3 to 4 mm of anterior space through this proce-
dure. Because up to 2 mm of crowding may resolve sponta-
neously, this method should probably be reserved for situ-
ations when 3 to 4 mm of anterior crowding exist.
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FIGURE 13-5

	

This flowchart can be used to aid decision making regarding possible options for space
maintenance in the primary and mixed dentitions. Answers to the questions posed in the chart should lead
to successful treatment pathways.

Correction of any incisor rotations caused by this tran-
sitional crowding requires controlled movement to align
and derotate them, using an arch wire and bonded attach
ments on the incisors. It may be wise to defer this therapy
until comprehensive treatment is begun in the early per-
manent dentition. If it is undertaken in the mixed denti-
tion, the permanent first molars should be banded (and ide-
ally reinforced with a lingual arch to serve as anchorage and
to maintain posterior stability and arch dimensions). If the
arch wire is not supported between the first molar and in-
cisors, it must be relatively large for strength in the buccal
segments and may have to incorporate loops for flexibility
in the incisor region. If the primary first molars are also
bonded, a smaller and more flexible wire can be used be-
cause the length of the molar segment arch wire span is re-
duced. After alignment has been achieved, if root position
needs to be corrected, a rectangular wire is required to fin-
ish the tooth movement. It is rare that a child who needs
this type of treatment in the mixed dentition does not re-
quire further treatment after all permanent teeth have
erupted, so extensive early treatment is not often indicated.

The treatment just described is aimed at anterior ir-
regularity only. If the transitional crowding is great enough
that there is considerable crowding when the permanent
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Disking can be used on multiple surfaces of primary teeth-especially the
primary canines-when limited transitional crowding is apparent. A, This pretreatment cast
shows minor anterior crowding. B, Disking of the mesial and distal surfaces of the primary
canines allowed spontaneous alignment to occur without appliance therapy.

canines erupt even though there is adequate total space
available, the patient really requires a more aggressive form
of space supervision and treatment known as space man-
agement. This crowding occurs because the combined
width of the erupting permanent canine, first premolar, and
primary second molar is greater than the total width of the
permanent canine and premolars. Because manipulation of
the leeway space ultimately will require adjustment of mo-
lar relationships, it is considered a more complex type of
treatment and is discussed in Chapter 14.

Localized Space Loss (3 mm or Less):
Space Regaining
After premature loss of a primary tooth, space may be lost
from drift of other teeth before a dentist is consulted.
Then, repositioning the teeth to regain space rather than
just space maintenance to stabilize the situation is required.
Up to 3 mm of space can be reestablished in a localized area
with relatively simple appliances and a good prognosis.
Space loss greater than that constitutes a severe problem
and is discussed in Chapter 14.

Maxillary Space Regaining.

	

Generally, space is eas-
ier to regain in the maxillary arch than in the mandibular
arch because of the increased anchorage for removable
appliances afforded by the palatal vault and the possibility
for use of extraoral force (headgear). Space lost from tip-
ping can be regained when the crown of the tooth is tipped
back to its original position, but space lost by bodily tooth
movement requires that the tooth be bodily repositioned.

Permanent maxillary first molars can be tipped distally
to regain space with either a fixed or removable appliance,
but bodily movement requires a fixed appliance. Because
the molars tend to tip forward and rotate mesiolingually,
distal tipping for 2 to 3 mm of space regaining is often
satisfactory.

A removable appliance retained with Adams' clasps and
incorporating a helical fingerspring adjacent to the tooth to
be moved is very effective. This appliance is the ideal design
for tipping one molar (Figure 13-8). One posterior tooth can

be moved up to 3 mm distally during 3 to 4 months of full-
time appliance wear. The spring is activated approximately 2
mm to produce 1 mm of movement per month. The molar
generally will derotate spontaneously as it is tipped distally.

If bodily movement of one or both permanent max-
illary first molars is necessary in regaining space, it
sometimes can be accomplished by using headgear or an
arch wire with excellent anchorage. These methods are
addressed in Chapter 14.

Regardless of the method used to regain these limited
amounts of space, a space maintainer is required when ad-
equate space has been restored. A fixed space maintainer is
recommended, rather than trying to maintain the space
with the removable appliance that was used for space
regaining.

Mandibular Space Regaining. Removable appli-
ances can be used for space regaining in the mandibular
arch just as they are in the maxillary arch, but as a rule they
are less satisfactory because they are more fragile and prone
to breakage, and because they do not fit as well. Problems
with tissue irritation frequently are encountered, and pa-
tient acceptance tends to be poorer than with maxillary re-
movable appliances.

If space has been lost on one side of the mandibular
arch, the appliance of choice is a removable lingual arch in-
corporating a loop that can be opened to provide the nec
essary distal force (Figure 13-9). It is important to activate
the lingual arch so that the molar is tipped up and back,
while the reaction force is expressed largely downward on
the cingulum area of the lower incisors. Nevertheless, there
is an inevitable tendency to also tip the incisors forward.

An alternative for unilateral mandibular space regain-
ing is a fixed appliance and an arch wire, which provide ex-
cellent anchorage. This method is discussed in Chapter 14.

If space has been lost bilaterally, a lingual arch also
can be used, but pitting posterior movement of both
molars against the anchorage offered by the incisors
means that significant forward displacement of the in-
cisors must be expected.
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FIGURE 13-8

	

A removable appliance with a fingerspring is used to regain space by tipping
a permanent first molar distally. A, The appliance incorporates multiple Adams' clasps and a 28
mil helical spring that is activated 1 to 2 mm per month. B, Premature loss of the primary sec-
ond molar has led to mesial drift and rotation of the permanent first molar. C, This removable
appliance can be used to regain up to 3 mm of space. D, After space regaining the space should
be maintained with a band and loop or lingual arch if the permanent incisors have erupted.

An alternative fixed appliance for mandibular space re-
gaining is the lip bumper, which is a labial appliance fitted
to tubes on the molar teeth (Figure 13-10). The idea is that
the appliance presses against the lip, which creates a distal
force to tip the molars posteriorly. Although some poste-
rior movement of the molars can be observed when a lip
bumper is used, the appliance also alters the equilibrium of
forces against the incisors, removing any restraint from the
lip on these teeth. The result is that forward movement of
lower incisors occurs with a lip bumper. 4 Depending on the
type of lip bumper used and its clinical manipulation, trans-
verse widening also may occur s

On balance, the effects of the active lingual arch and
the lip bumper are similar. A lingual arch can be left in place
as a space maintainer after space has been regained. A lip
bumper is not a good space maintainer and should be re-
placed with band and loop maintainers or a lingual arch for
long-term maintenance of the space that was regained.

Generalized Moderate Crowding
(4 mm or Less)
Children with incisor crowding and small space discrepan-
cies can be treated with modest amounts of arch expansion
during the early mixed dentition. Since further compre-
hensive treatment in the early permanent dentition proba-
bly will be required (because canines and premolars often

erupt in poor positions even if adequate space has been cre-
ated), the cost effectiveness of mixed dentition treatment of
this type must be considered carefully. One can look at this
group from two perspectives: there is minimal benefit from
early treatment unless there are major esthetic concerns,
and therefore little or no reason to intervene; or alterna-
tively, this group does not need much treatment, it should
be relatively easy to provide, and there is always the possi-
bility that if early treatment is done, later treatment might
not be necessary.

Some practitioners have advocated arch expansion in
the primary and early mixed dentitions 7 on the theory that
this would assure more space at a later time. To date, there
is no credible evidence that early intervention to "prepare,"
"develop," "balance," or expand arches by any other name
has any efficacy in providing a less crowded permanent
dentition at a substantial post-retention time point. Unfor-
tunately, even in children who had mild crowding initially,
incisor irregularity can recur soon after early treatment if
retention is not managed carefully.8 Parents and patients
should know the issues and uncertainties associated with
this type of treatment.

The major reason for early intervention for incisor
crowding in a child who has moderate space discrepancy,
is esthetic concern because of obvious crowding. This can
occur when substantial transitional crowding due to the
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Space regaining in a child with space loss in the upper and lower arches.
A, Casts demonstrating loss of space as a result of caries and early loss of a primary molar.
B, Bitewing radiograph shows space loss caused by mesial tipping of upper and lower permanent
first molars. C, An active lingual arch, inserted from the distal in this case, was used for mandibu-
lar space regaining. D, When an active lingual arch is inserted from the mesial, the welded at-
tachment on the band should be tipped up on the mesial to allow easy placement and removal.
E, Note that when the lingual arch is fully seated, the dimple on the distal of the sheath into
which it inserts serves as a lock to retain the arch wire. F, Casts of this patient after treatment with
a mandibular lingual arch and maxillary headgear, showing the space regaining that was achieved.
At this point, space maintainers will be needed.
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FIGURE 13-10

	

A lip bumper constructed of a 36 mil wire
bow with an acrylic pad, which fits into tubes on the permanent
first molars, is sometimes used to increase arch length by moving
the molars distally and causing the incisors to move anteriorly.
This occurs when the appliance stretches the lower lip and trans-
mits force to move the molars back. The appliance also disrupts
the equilibrium between the lip and tongue and allows the ante-
rior teeth to move facially. The result is probably nearly equal mo-
lar and incisor change. (Courtesy Dr. M. Linebaugh.)

larger permanent incisors is superimposed on a real,
though minor, space shortage. The amount of disking re-
quired to alleviate the crowding would expose the pulps of
the primary canines or cause extreme sensitivity. The op-
tions are to (1) remove the primary canines as the crowding
occurs, which allows better alignment but creates the pos-
sibility that the permanent incisors will tip lingually, reduc-
ing the arch length even more (Figure 13-11), or (2) move
the teeth facially into a larger arch circumference.

A conservative approach to this dilemma is to place a
lingual arch after the extraction of the primary canines
and allow the incisors to align. Ultimately the lingual arch
or another appliance can be used to increase the arch
length. A word of caution is necessary here. Clinical ex-
perience indicates that a considerable degree of faciolin-
gual irregularity will resolve if space is available, but rota-
tional irregularity will not. If the incisors are rotated or
severely irregular and early correction is felt to be impor-
tant, a multiply bonded and banded appliance is indicated
(Figure 13-12).

FIGURE 13-11

	

Extraction of primary canines as a method to reduce anterior irregularity. A,
This patient has a sizable amount of anterior crowding and irregularity. B, The primary canines
were extracted, which allowed some alignment, but the incisors have tipped lingually and further
reduced the arch length.

FIGURE 13-12

	

Alignment of anterior teeth and incisor advancement with multiple attach-
ments and an arch wire. A, This patient has crowding and irregularity that (B) were reduced by
extraction of the primary canines and alignment and advancement of the incisors using an arch
wire and multiple attachments.



42 8

	

SECTION VI

	

Treatment of Orthodontic Problems in Preadolescent Children

FIGURE 13-13

	

Arch expansion with a lingual arch in the early and late mixed dentition stages.
A, This patient has a space shortage in the mixed dentition and anterior irregularity that were
treated by (B) expanding the arch with an active lingual arch. These arches can be removable or sol-
dered. The removable arches are simpler to adjust, but the soldered arches are more durable.

FIGURE 13-14

	

Moderate arch-length increases can be accom-
plished using a multiple bonded and banded appliance and a mech-
anism for expansion. A, This patient has moderate lower arch
irregularity and space shortage. B, The applicance is in place with
the tooth movement completed. In this case, coil springs served to
generate the tooth moving force, but other methods using loops
and flexible arch wires are available. Note the lingual arch used to
control transverse molar dimensions. C, The lingual arch is ad-
j usted by opening the loops and advancing the arch so it can serve
as a retainer following arch wire and bonded attachment removal.

A more aggressive alternative is early arch expansion,
moving the teeth facially. If this is to be attempted, the teeth
that are to be moved, the direction, and the type of tooth
movement (tipping vs. bodily) should be established.
Whether primary canines should be extracted to provide ad-
ditional space for alignment of the incisors is an issue that
also should be addressed. Lower incisor teeth usually can be
tipped 1 to 2 mm facially without much difficulty, which cre-
ates up to 4 mm of additional arch length. If the overbite is
excessive and the upper and lower incisors are in contact,
however, facial movement of the lower incisors will not be
possible unless the upper incisors also are proclined. Finally,
the status of the keratinized tissue facial to the lower incisors
must be evaluated. Adequate, noninflamed issue is required
for a healthy long-term supporting structure. If facial move-
ment is anticipated and the amount and quality of tissue is
questionable, a periodontal consultation is appropriate. Sur-
gical or nonsurgical management of the tissue may be re-
quired prior to beginning the tooth movement.

When expansion by tipping the incisors facially is in-
dicated, two methods should be considered. One is to use a
removable lingual arch (Figure 13-13). The expansion can
be accomplished by slightly opening the loops located
mesial to the banded molars. Until the teeth have moved,
the activated lingual arch will rest higher on the lingual sur-
face of the incisors than is ideal and should exert a down-
ward force to tip the incisors facially. Small amounts of
activation are necessary since the wire is large and capable
of delivering heavy forces. Two or three 1 to 1.5 mm acti-
vations at monthly intervals will achieve the desired result
and the appliance can then serve as a passive retainer or be
replaced with a soldered lingual arch. The other method is
to band the permanent molars, bond brackets on the in-
cisors, and use a compressed coil spring on a labial arch
wire to gain the additional space (Figure 13-14). The mul-
tiple band and bond technique is usually followed with a
lingual arch for retention. What distinguishes these two
methods is the ability of the bonded and banded appliance
to provide rotational and mesiodistal space control, while
the lingual arch can only tip the teeth.
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Although it is possible to tip lower incisors facially
with a removable appliance incorporating several clasps
and finger springs, a fixed appliance provides significantly
better control of the tooth movement and fewer problems
with compliance.

ANTERIOR DENTAL SPACING

Maxillary Midline Diastema
A small maxillary midline diastema, which is present in
many children, is not necessarily an indication for ortho-
dontic treatment. The unerupted permanent canines often
lie superior and distal to the lateral incisor roots, which
forces the lateral and central incisor roots toward the
midline while their crowns diverge distally (Figure 13-15).
In its extreme form, this condition of flared and spaced in-
cisors is called the "ugly duckling" stage of development
(see Chapter 4). These spaces tend to close spontaneously
when the canines erupt and the incisor root and crown

positions change. Until the canines erupt, it is difficult to
be certain whether treatment will be necessary.

When a larger diastema is present, a midline supernu-
merary tooth or a midline soft tissue or intrabony lesion
must always be suspected. A maxillary occlusal or periapi
cal radiograph will reveal whether a pathologic condition
exists in the area. Missing permanent lateral incisors also
can lead to a large space between the central incisors be-
cause the permanent central incisors frequently move lat-
erally and occupy the available space. Treatment for these
more severe diastema problems is discussed in Chapter 14.
Some digit sucking habits can lead to diastemas and spac-
ing and are considered later in this chapter.

The major indications for closure of an uncomplicated
midline diastema in the mixed dentition are: (1) an esthetic
complaint, or (2) positioning of the central incisors that
inhibits eruption of the lateral incisors or canines.

A small but unesthetic diastema (2 mm or less) can be
closed by tipping the central incisors together. A maxillary
removable appliance with clasps, fingersprings, and possi
bly an anterior bow will successfully complete this type of

FIGURE 13-15

	

The "ugly duckling" phase. A, Spacing and mesial root position of the max-
illary incisors results from the position of the unerupted permanent canines. B, This panoramic
radiograph shows that the canines are erupting and in close proximity to the roots of the lateral
incisors. The diastemas usually close when the canines erupt.
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Closure of the midline diastema with a re-
movable appliance. A, The midline diastema is closed with a re-
movable appliance and fingersprings by tipping the teeth mesially.
B, The 28 mil helical fingersprings are activated to move the in-
cisors together. C, The final position can be maintained with the
same appliance.

treatment (Figure 13-16). Use of this appliance presup-
poses that the incisors do not require root repositioning
(bodily movement). Under no circumstances should an un-
supported elastic be used around the teeth-there is a high
probability that the elastic will slip apically and destroy the
periodontal attachment.

The second treatment indication for a diastema is
more challenging because tipping movements usually are
not adequate and the diastema is likely to be larger than 2
mm. If by chance a large diastema exists and the teeth are
tipped apart, they can be tipped back together and retained
with a removable appliance. On the other hand, most large
unesthetic diastemas will require bodily mesiodistal reposi-
tioning of the incisors. This is more challenging biome-
chanically and is discussed in Chapter 14.

Generalized Anterior Spacing
Excess space is not a frequent finding in the mixed denti-
tion in the absence of incisor protrusion. It can result from
either small teeth in normal-sized arches or normal-sized
teeth in large arches. Unless the space presents an esthetic
problem, it is reasonable to allow eruption of the remain-
ing permanent teeth before closing the space with fixed ap-
pliances. Fixed appliances are necessary because the teeth
need to be moved bodily into a smaller arch circumference.
The long-term prognosis of closure of excess space is good,
and the arch length does not continue to reduce drastically
and result in crowding. 9

Eruption Problems
Over-retained Primary Teeth.

	

A permanent tooth
should replace its primary predecessor when approximately
three fourths of the root of the permanent tooth has
formed, whether or not resorption of the primary roots is
to the point of spontaneous exfoliation. A primary tooth
that is retained beyond this point can be considered over-
retained and should be removed. If a portion of the perma-
nent tooth crown is visible and the primary tooth is mobile
to the extent that the crown will move 1 mm in the facial
and lingual direction, it is probably advisable to allow the
child to "wiggle" the tooth out. If that can not be accom-
plished, gauze or conventional extractions are indicated.
Most over-retained primary maxillary molars have either
the buccal roots or the large lingual root intact. By contrast,
most primary mandibular molars have either the mesial or
distal root still intact.

An over-retained primary tooth leads to gingival in-
flammation and hyperplasia that cause pain and bleeding
and sets the stage for deflected eruption paths that can re
sult in irregularity and crossbite. Once the primary tooth is
out, if space is adequate, moderately abnormal facial or
lingual positioning will usually be corrected by the equilib-
rium forces of the lip, cheeks, and tongue. Generally, in-
cisors will erupt lingually and then move facially when the
primary tooth exfoliates (Figure 13-17). This emergence
position is due to the lingual position of the developing
tooth bud. In the canine and premolar areas, the permanent
tooth can emerge either facially or lingually and will tend
to move toward the correct position. If correction has not
occurred when overbite is achieved, however, further align-
ment is unlikely in either the anterior or posterior quad-
rants, and a crossbite will result.

Ankylosed Primary Teeth. Ankylosed primary teeth
with permanent successors constitute a potential alignment
problem for the permanent teeth. Although they usually
resorb in the normal manner without creating long-term
problems,10 occasionally they are retained by an attach-
ment in the cervical region and are not exfoliated on sched-
ule. This can delay the erupting permanent tooth or deflect
it from the normal eruption path. Appropriate manage-
ment of an ankylosed primary tooth consists of maintain-
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FIGURE 13-17

	

Permanent teeth often erupt in abnormal positions as a result of retained
primary teeth. A, These lower central incisors erupted lingually because the permanent incisors
have not been lost and their tooth buds are positioned lingual to the primary incisors. This is a
common occurrence in this area and is the main reason lingual arches should not be placed un-
til after lower incisors erupt. B, This maxillary premolar has been deflected facially because of
the retained primary molar. Removal of teeth by the patient or extraction in both cases will al-
low some spontaneous alignment.

ing it until an interference with eruption or drift of other
teeth begins to occur (Figure 13-18), then extracting it and
placing a space maintainer or other space management ap-
pliance if needed.

When an ankylosed tooth is extracted prematurely, the
space should be maintained by the techniques previously
described. If occlusal discrepancies have developed from
supereruption of a tooth or teeth in the opposing arch, the
use of partial dentures for space maintenance may be pos-
sible only after extensive occlusal adjustments. Unless op-
posing permanent teeth have supererupted, the vertical ir-
regularity will be resolved during the establishment of the
occlusal plane in the permanent dentition. If tipping of ad-
jacent teeth over the ankylosed tooth is recognized before
it has progressed too far, the ankylosed primary molar can
be restored with a stainless steel crown to maintain the
space. This remedy is only temporary. When significant
vertical facial growth and eruption occur, the ankylosed
tooth again will be out of occlusion. If the tipping of adja-
cent teeth has progressed and space has been lost, the pri-
mary tooth should be removed and the permanent teeth
repositioned to regain space. Any vertical bony discrepan-
cies will be eradicated when the succedaneous tooth brings
bone with it during eruption.

The situation is completely different when the anky-
losed primary tooth has no permanent successor. Then, the
ankylosed primary tooth should be extracted before a large
vertical occlusal discrepancy develops to avoid long-term
periodontal problems (Figure 13-19). 11 Because erupting
teeth bring alveolar bone with them, in planning and
executing treatment it is best to move teeth into the edentu-
lous space so that bone is maintained and any potential or
real periodontal defects eliminated. Space maintenance,
therefore, may be contraindicated even if replacement of the
missing tooth-rather than space closure-is the long-term
plan. The longer the ankylosed primary tooth is left in place,

FIGURE 13-18

	

This radiograph demonstrates both anterior
and posterior teeth tipping over adjacent ankylosed primary mo-
lars. The ankylosed teeth should be removed if significant tipping
and space loss are occurring.

the greater the chance of a long-term defect because bone is
not developed. It is advisable to have an experienced clini-
cian remove these teeth. Unless the extraction is managed
carefully, an even worse periodontal defect may occur.

Ectopic Eruption

Lateral Incisors.

	

Eruption is ectopic when a perma-
nent tooth causes either resorption of a primary tooth
other than the one it is supposed to replace or resorption of
an adjacent permanent tooth. When the permanent lateral
incisor erupts, resorption of the primary canine is common.
Potential alignment problems result if the primary tooth is
lost prematurely or if the underlying permanent tooth is
blocked from erupting.

Loss of the primary canine from ectopic eruption usu-
ally indicates lack of enough space for all the permanent in-
cisors but occasionally may result solely from an aberrant
eruption path of the lateral incisor. When only one primary
canine is lost prematurely, the lateral incisor will erupt into
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FIGURE 13-19

	

Ankylosed primary teeth should be carefully removed when vertical discrep-
ancies begin to develop if they have no successors. Teeth can be allowed to erupt into the edentu-
lous space and then repositioned prior to implant or prosthetic replacement so that large peri-
odontal defects such as those adjacent to the primary molars in this patient do not develop. Because
no permanent teeth will erupt into these spaces in this patient, the bone level will not be improved.

FIGURE 13-20

	

Midline shift resulting from tipping. A, These
incisors tipped to the patient's right when the primary right
canine was lost prematurely. B, The teeth have been tipped back
to the left and overcorrected using a fingerspring and a removable
appliance. C, They are currently maintained in this position with
a lingual arch and a soldered spur.

the primary canine space on that side and the midline usu-
ally will shift in that direction (Figure 13-20, A). If both
mandibular canines are lost, the permanent incisors can
tip lingually, which reduces the arch circumference and
increases the apparent crowding. In either case, space
analysis, including an assessment of the anteroposterior
incisor position and the facial profile, is needed to deter-
mine whether space maintenance, space regaining, or
more complex treatment is indicated.

When one primary canine is lost, treatment is needed
to prevent or correct a midline shift. Depending on the
overall assessment, the dentist can either remove the con
tralateral canine or maintain the position of the lateral in-
cisor on the side of the canine loss using a lingual arch
with a spur. If a midline shift has occurred from tipping
the appropriate treatment can be implemented with a re-
movable or fixed appliance (Figure 13-20, B and C). If
both canines are lost, an active lingual arch for expansion,
a passive lingual arch for maintenance, or no treatment
may be indicated. In some children, space analysis will re-
veal that the crowding associated with ectopic eruption of
lateral incisors is so severe that complex treatment (e.g.,
fixed appliances, perhaps premolar extraction) is required.

Maxillary First Molars. Ectopic eruption of the
permanent first molar presents an interesting problem
that is usually diagnosed from routine bitewing radi
ographs. Some reports suggest that this painless and often
unrecognized condition is related to a small and distally
positioned maxilla as well as steeply angulated and large
permanent molars. 12 Others have found no skeletal rela-
tionships. l3 Lack of timely intervention may cause loss
of the primary molar and space loss as the permanent
molar erupts mesially. Because of the frequency of self-
correction of ectopic eruption, a period of watchful wait-
ing is indicated when only small amounts of resorption
are observed (Figure 13-21). If the blockage of eruption
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FIGURE 13-21

	

Ectopic eruption of the permanent first molar is usually diagnosed from
routine bitewing radiographs. If the resorption is limited, the situation may be observed. A, The

distal root of the primary maxillary second molar shows minor resorption from ectopic eruption.
B, This radiograph taken approximately 18 months later illustrates that the permanent molar was

able to erupt without treatment.

persists for 6 months or if resorption continues to increase,

treatment is indicated.

Several methods can be helpful when intervention is

necessary. 14 The basic approach is to move the ectopically

erupting tooth away from the tooth it is resorbing. If a lim

ited amount of movement is needed but little or none of the

permanent first molar is visible clinically, a 20 mil brass

wire looped and tightened around the contact between the

primary second molar and the permanent molar is sug-

gested (Figure 13-22). It may be necessary to anesthetize

the soft tissue to place the brass wire, and depending on the

tooth position and depth of the contact between the per-

manent and primary molars, it can be very difficult to suc-

cessfully direct the brass wire subgingivally. The brass wire

should be tightened approximately every 2 weeks. Treat-

ment is slow but reliable.

A steel spring clip separator, available commercially,

may work if only a small amount of resorption of the pri-

mary molar roots exists. These clips are difficult to place if

the point of contact between the permanent and primary

molars is much below the cementoenamel junction of the

primary molar. Elastomeric separators wedged mesial to

the first molar also can be used for this purpose but are not

recommended. They have the potential to become dis-

lodged in an apical direction and cause periodontal irrita-

tion. If this occurs, the separators can be hard to locate and

retrieve, especially if the material is not radiopaque.

If resorption is more severe and more distal movement

is required than can be provided by these simple appliances,

the situation becomes more complex. A useful fixed appli

ance is a band on the second primary molar, supported by

a transpalatal lingual arch when maximum control is de-

sired, with a cantilever arm extending distally behind the

unerupted permanent molar. Then a spring or elastomer is

hooked from the end of the cantilever to a button bonded

on the molar, generating a force to move it distally. This is

not the situation for the type of space regaining discussed

above. Severe resorption of the primary molar may require

its extraction, and the permanent molar will erupt so far

FIGURE 13-22 Moderately advanced resorption from ec-
topic eruption of the permanent maxillary first molar requires ac-
tive intervention. A, This distal root of the primary maxillary sec-
ond molar shows resorption and no self-correction. B, A 20 mil
dead soft brass wire is looped around the contact between the
teeth and tightened at approximately 2-week intervals; C, the per-
manent tooth is dislodged distally and erupts past the primary

tooth that is retained.
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Ectopic Eruption of Permanent Maxillary
First Molar-Pathways of Care

FIGURE 13-23

	

This flowchart can be used to aid decision making regarding possible options when a
permanent molar is ectopically erupting during the mixed dentition. Answers to the questions posed
in the chart should lead to successful treatment pathways. Some of the complex treatments are described
in Chapter 14.
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FIGURE 13-24

	

This patient demonstrates a change in posi-
tion of the unerupted canine relative to the adjacent lateral in-
cisor root that is apparently associated with extraction of the
overlying primary canine. A, Note the overlap of the canine
crown and the incisor root. B, Following extraction of the pri-
mary canine the permanent canine crown migrated distally and
erupted in a normal position.

mesially that a major space problem is created. Treatment
methods for these complex dilemmas are discussed in
Chapter 14.

A flowchart (modified from Kennedy and Turley 14)

summarizes the decision making for ectopic eruption of
permanent first molars (Figure 13-23).

Maxillary Canines. Ectopic eruption of maxillary
canines occurs relatively frequently and can lead to either
or both of two problems: (1) impaction of the canine and/or
(2) resorption of permanent lateral incisor roots. When the
primary canine is not mobile, there is no observable or pal-
pable facial canine bulge, and the patient is approximately
10 years of age, a panoramic or periapical radiograph is in-
dicated. In this situation, the panoramic film is an excellent
screening tool, but periapical radiographs have proven
more helpful in localizing the teeth and delineating overlap
of the unerupted teeth. Radiographs prior to this stage are
not reliable for prediction of the canine path of eruption. 15

When mesial inclination of the erupting permanent
canine is detected and no incisor root resorption is noted,
the treatment of choice is to extract the overlying primary
canine (Figure 13-24). Ericson and Kurol found that if the
permanent canine crown was overlapping less than half of
the root of the lateral incisor, there was an excellent chance
(91%) of normalization of the path of eruption. When
more than half of the lateral incisor root was overlapped,
early extraction of the primary tooth resulted in a 64%
chance of normal eruption and likely improvement in the
position of the canine even if it was not totally corrected. 16

The beginning of resorption of the permanent incisor
roots indicates a severe problem with canine position. In

addition to extraction of the primary canine, usually it is
necessary to surgically expose the permanent canine and
use orthodontic force to bring it to its correct position.
This comprehensive treatment will extend into the early
permanent dentition period (see Chapter 16).

OCCLUSAL RELATIONSHIP PROBLEMS

Posterior Crossbite
Theoretically, treatment of posterior crossbite differs
markedly, depending on the underlying cause of the cross-
bite situation. Skeletal crossbites, usually resulting from a
narrow maxilla but occasionally from an excessively wide
mandible, generally are treated by heavy forces to open the
midpalatal suture and make the maxilla wider. Dental
crossbites are treated by moving the teeth with lighter
forces. Although this is a correct concept for adolescents in
the late mixed and early permanent dentition, the lesser in-
terdigitation of the midpalatal suture in the early mixed
dentition (see Chapter 8) means that even modest forces
will cause both skeletal and dental changes. 17 For this rea-
son, palatal expansion with heavy force from a jackscrew
appliance is reserved for adolescents (who may nevertheless
still be in the late mixed dentition). Heavy force and rapid
expansion are not indicated in the primary or early mixed
dentition. There is a significant risk of distortion of the
nose if this is done in younger children (see Figure 8-16).

Posterior crossbite in a child often appears to be uni-
lateral but on close examination usually is found to result
from bilateral constriction of the maxillary arch and a shift
of the mandible to one side on closure. More severe con-
striction may result in a bilateral crossbite without
mandibular shift, and occasionally, a true unilateral poste-
rior crossbite from an intra-arch or jaw asymmetry will be
noted. These more severe crossbites must be considered se-
vere problems. Their treatment is discussed in Chapter 15.

Crossbites caused by a mandibular shift should be
treated as soon as they are discovered and are among the
few conditions recommended for treatment in the primary
dentition. An uncorrected mandibular shift can produce, at
the least, undesirable soft tissue growth modification, den-
tal compensation, and dental abrasion of primary and per-
manent teeth. Further, the presence of a mandibular shift
complicates the diagnostic process by making interarch re-
lationships difficult to determine, and a constricted maxilla
reduces space to accommodate the teeth.

There are three basic approaches to the treatment of
moderate posterior crossbites in children: equilibration to
eliminate mandibular shift, expansion of a constricted
maxillary arch, and repositioning of individual teeth to deal
with intra-arch asymmetries.

In a few cases, mostly observed in the primary denti-
tion or the early mixed dentition, a shift into posterior
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crossbite will be due solely to interference caused by the
primary canines (Figure 13-25). These patients can be di-
agnosed by careful positioning of the mandible. They re-
quire only limited equilibration of the primary canines to
eliminate the interference and the resulting lateral shift
into crossbite.

More commonly, a child with a mandibular shift has a
bilateral maxillary constriction. Even a small constriction
creates dental interferences that force the mandible to shift

to a new position for maximum intercuspation (Figure
13-26). A greater maxillary constriction will allow the max-
illary teeth to fit inside the mandibular teeth and will not
be accompanied by a mandibular shift (Figure 13-27). Both
of these types of crossbite should be corrected in the pri-
mary dentition if discovered then, unless the permanent
first molars are expected to erupt in less than 6 months. In
that situation, it is better to allow the permanent molars to
erupt so that correction can include these teeth if neces-

FIGURE 13-25

	

Minor canine interferences leading to a mandibular shift. A, Initial contact;
B, Shift into centric occlusion. The slight lingual position of the primary canines can lead to
occlusal interferences and an apparent posterior crossbite. This cause of posterior crossbite is
infrequent and is best treated by occlusal adjustment of the primary canines.

FIGURE 13-26

	

Moderate bilateral maxillary constriction. A, Initial contact; B, Shift into oc-
clusion. Moderate bilateral maxillary constriction often leads to posterior interferences upon clo-
sure and a lateral shift of the mandible into an apparent posterior crossbite. This problem is best
treated by bilateral maxillary expansion.

FIGURE 13-27

	

Marked bilateral maxillary constriction. A, Initial contact; B, Full occlusion
(no shift). A marked bilateral maxillary constriction often produces no interferences upon clo-
sure, and the patient has a bilateral posterior crossbite in centric relation. This problem is best
treated by bilateral maxillary expansion.



CHAPTER 13

	

Treatment of Moderate Nonskeletal Problems in Preadolescent Children

	

437

sary. Expansion of the maxillary arch will both correct the
crossbite and increase the arch circumference by variable
amounts depending on the site of expansion.' s The in-
crease in arch circumference may have benefits for crowd-
ing and irregularity.

It is possible to treat posterior crossbite with a split-
plate type of removable appliance incorporating a wire
spring or jackscrew for force generation (see Figure 11-21).
Removable appliances rely on patient compliance for suc-
cess, and the fact that the appliance is retained by clasps
limits the force that can be used because the appliance can
be displaced easily. This approach is less successful and less
cost-effective than an expansion lingual arch. l y

Another possibility is using a banded or bonded
jackscrew appliance for maxillary expansion. These appli-
ances deliver high forces and are usually reserved for either
gross maxillary skeletal constrictions that require large
amounts of correction, or for older children who have more
interdigitation of the maxillary midpalatal suture and who
require more force to open the suture (see Chapter 16).

The preferred appliance for correction of maxillary
dental constriction in a preadolescent child is an ad-
justable lingual arch that requires little patient coopera
tion. Both the W-arch and the quad helix are reliable and
easy to use. The W-arch is a fixed appliance constructed
of 36 mil steel wire soldered to molar bands (Figure 13-
28). To avoid soft tissue irritation, the lingual arch should

be constructed so that it rests 1 to 1.5 mm off the palatal
soft tissue. This appliance will move both primary and
permanent teeth and may accelerate the rate of normal
expansion of the midpalatal suture, particularly in a young
child. Therefore, correction will result from a combina-
tion of skeletal and dental change even if only dental or
skeletal change was desired. This is of no consequence
and will require no difference in either treatment or re-
tention techniques.

The W -arch is activated simply by opening the apices
of the W and is easily adjusted to provide more anterior
than posterior expansion, or vice versa, if this is desired.
Bending the anterior palatal portion of the wire increases
the posterior arch width, and bending the wire bilaterally
near the solder joint at the molar bands increases the ante-
rior arch width (see Figure 13-28, A). The appliance deliv-
ers proper force levels when opened 3 to 4 mm wider than
the passive width and should be adjusted to this dimension
before being inserted.

Expansion should continue at the rate of 2 mm per
month (1 mm tooth movement on each side) until the cross-
bite is slightly overcorrected. In other words, the lingual
cusps of the maxillary teeth should occlude on the lingual
inclines of the buccal cusps of the mandibular molars at
the end of active treatment (Figure 13-29). Intraoral appli-
ance adjustment is possible but may lead to unexpected
changes. For this reason, removal and recementation are

FIGURE 13-28

	

The W -arch appliance is ideal for bilateral maxillary expansion. A, The appli-
ance is fabricated from 36 mil wire and soldered to the bands. The lingual wire should contact the
teeth involved in the crossbite and extend not more than 1 to 2 mm distal to the banded molars to
eliminate soft tissue irritation. Activation at point 1 produces posterior expansion and activation at
point 2 produces anterior expansion. B, The lingual wire should remain 1 to 1.5 mm away from the
marginal gingiva and the palatal tissue. C, This W-arch is being used to correct a bilateral con-
striction in the primary dentition.

http://arch.ly
http://arch.ly
http://arch.ly
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FIGURE 13-29

	

A posterior crossbite should be overcorrected
until the maxillary posterior lingual cusps occlude with the lingual
inclines of the mandibular buccal cusps, as shown here, and then
retained for approximately 3 months. After retention, slight lin-
gual movement of the maxillary teeth results in a stable result.

FIGURE 13-30

	

The W -arch can be made removable by fab-
ricating it with attachments on the molar teeth. This appliance
design is inviting but is difficult to manage and more prone to
appliance breakage.

FIGURE 13-31

	

The quad helix used to correct bilateral maxillary constriction. A, The appli-
ance is fabricated from 38 mil wire and soldered to the bands. The lingual wire should contact the
teeth involved in the crossbite and extend no more than 1 to 2 mm distal to the banded molars to
eliminate soft tissue irritation. Activation at point 1 produces posterior expansion, while activation
at point 2 produces anterior expansion. B, The lingual wire should remain 1 to 1.5 mm away from
the marginal gingiva and palatal tissue. C, This quad helix is being used to correct a bilateral max-
illary constriction in the primary dentition.

recommended at each active treatment visit. Most poste-
rior crossbites require 2 to 3 months of active treatment
and 3 months of retention (during which the W -arch is left
passively in place) for stability.

A variant of this appliance uses cemented bands with
attachments that allow the active arch to be removed and
activated without removing the bands (Figure 13-30). Al
though this technique is attractive in principle, it is diffi-

cult to activate the appliance in the desired direction and
have it remain passive in all other dimensions. Unwanted
and unexpected intrusion and extrusion of teeth are com-
mon with this technique, and it is more prone to appliance
breakage.

The quad helix is a more flexible version of the W-
arch. It is constructed with 38 mil steel wire and helices
that increase the range and springiness of the appliance
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FIGURE 13-32

	

True unilateral maxillary posterior constriction. A, Initial contact. B, Full
occlusion (no shift). True unilateral constriction has a unilateral posterior crossbite in centric re-
lation and in centric occlusion, without a lateral shift. This problem is best treated with unilat-
eral posterior expansion.

FIGURE 13-33

	

An unequal W-arch used to correct a true
unilateral maxillary constriction. The side of the arch to be ex-
panded has fewer teeth against the lingual wire than the anchor-
age unit. Even with this arrangement, both sides can be expected
to show some expansion movement.

(Figure 13-31). The helices in the anterior palate are
bulky, which can effectively serve as a reminder to aid in
stopping a finger habit. The combination of a posterior
crossbite and a finger-sucking habit is the best indication
for this appliance. The extra wire incorporated in this ap-
pliance gives it slightly greater range of action than the
W-arch, but the forces are equivalent. Because the ante-
rior portion is more flexible, some children manipulate
the arch and either distort or weaken the wire, which can
result in soft tissue irritation or breakage. Appropriate
forces are produced when the appliance is widened by 3 to
8 min. This adjustment can be performed either intra- or
extraorally, but care must be exercised with intraoral ad-
justments. Overcorrection, attention to soft tissue irrita-
tion, and 3 months of retention are also recommended
with this appliance.

Some children do have true unilateral crossbites, usu-
ally from unilateral maxillary constriction. This condition
is diagnosed by discovering a unilateral crossbite in cen
tric relation and in maximum intercuspation without a
mandibular shift (Figure 13-32). In these cases the ideal
treatment is to move selected teeth on the constricted side
of the upper arch. The easiest way to accomplish this

movement is to arrange an orthodontic appliance so that
there are more teeth in the anchorage unit than in the unit
where teeth are expected to move. To a limited extent, this
goal can be achieved by using different length arms on a
W-arch or quad helix (Figure 13-33), but some bilateral
expansion must be expected. An alternative method is to
use a mandibular lingual arch to stabilize the lower teeth
and attach cross-elastics to the maxillary teeth that are at
fault. This type of arrangement is more complicated and
requires cooperation by the patient to be successful, but is
more unilateral in its effect. A third alternative is to use a
removable appliance that has been sectioned asymmetri-
cally (see Figure 11-21). This has the effect of pitting
more teeth against fewer teeth and results in asymmetric
movement. Of course, this appliance has the same restric-
tions as all removable appliances: its success depends on
both the quality of its retentive clasps and the patient's co-
operation.

All of the appliances described here are aimed at cor-
rection of teeth in the maxillary arch, which is usually
where the problem is located. If teeth in both arches con
tribute to the problem, cross-elastics between banded or
bonded attachments in both arches (Figure 13-34) can
reposition both upper and lower teeth. Cross-elastic treat-
ment requires cooperation since the patient has to wear the
elastics full-time and replace them at least once a day. The
vector of the elastic pull moves the teeth vertically as well
as faciolingually, which will extrude the posterior teeth and
reduce the overbite. Therefore cross-elastics should be
used with caution in children with increased lower face
height or limited overbite. Crossbites treated with elastics
should be overcorrected, and the bands left in place imme-
diately after active treatment. If there is relapse, the elastics
can be reinstated without rebanding or rebonding. When
the occlusion is stable after several weeks without elastic
force, the attachments can be removed. The most common
problem with this form of crossbite correction is lack of co-
operation from the child.

A flowchart is provided to help guide decision making
for posterior crossbites (Figure 13-35).
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FIGURE 13-34

	

Cross-elastics are indicated for crossbite correction when maxillary and
mandibular teeth need to be moved. A, This patient has the permanent maxillary left first molar
displaced lingually and (B) the permanent mandibular left first molar displaced facially. C, This
results in a posterior crossbite between these teeth. D, The cross-elastic is placed between the
buttons welded on the bands. The elastic should be worn full-time and changed frequently.

Anterior Crossbites
In planning treatment for anterior crossbites, it is critically
important to differentiate skeletal problems of deficient
maxillary or excessive mandibular growth from crossbites
due only to displacement of teeth.' ° If the etiologic factor is
truly dental and space is available, the problem should be
corrected when it is encountered. The most common etio-
logic factor of nonskeletal anterior crossbites is lack of space
for the permanent incisors, and it is important that the
treatment plan focus on management of the total space sit-
uation in addition to the crossbite. Since the permanent
tooth buds form lingual to the primary teeth, a shortage of
space may force the permanent maxillary incisor teeth to re-
main lingual to the line of the arch and erupt into crossbite.
If the developing crossbite is discovered before eruption is
complete and overbite has not been established, the adja-
cent primary teeth can be extracted to provide the necessary
space (Figure 13-36). Primary teeth should be extracted bi-
laterally to prevent the midline from migrating to the side
of a unilateral extraction where extra room is available.

Dental anterior crossbites diagnosed after the incisors
have erupted and overbite is established require appliance
therapy for correction. The first concern is adequate space
for tooth movement, which usually requires bilateral disk-
ing, extraction of the adjacent primary teeth, or opening
space for tooth movement. The diagnostic evaluation
should determine whether tipping will provide appropriate
correction (often it will, because the problem arose as erup-

tion paths were deflected). If teeth are tipped when bodily
movement is required, stability of the result is questionable.

In a young child, the best method for tipping maxillary
and mandibular anterior teeth out of crossbite is a removable
appliance using fingersprings for facial movement of maxil-
lary incisors (Figure 13-37) or (less frequently) an active
labial bow for lingual movement of mandibular incisors. Two
maxillary anterior teeth can be moved facially with one 22
mil double helical cantilever spring. Z-springs (see Chapter
11) are another possibility, but these deliver excessively
heavy forces that dislodge the appliance and lack range of ac-
tion. The removable appliance should have multiple clasps
for retention, but a labial bow on this appliance is usually
contraindicated because it can interfere with facial move-
ment of the incisors and would add little or no retention.

An anterior or posterior biteplate to reduce the over-
bite while the crossbite is being corrected is usually unnec-
essary in children unless the overbite is excessively deep. A
reasonable approach is to place the appliance without a
biteplate and attempt tooth movement. If, after 2 months,
the teeth in the opposing arch are moving in the same di-
rection as the teeth to which the force is being applied, a
biteplate is indicated and can be added to the appliance. Be-
cause teeth are not in occlusion except during swallowing
and parafunctional habits, a biteplate should be needed
only in a child with a clenching or grinding habit. Using a
biteplate risks the chance that teeth not in contact with the
appliance or the opposing arch will erupt excessively.
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Posterior Crossbite-Pathways of Care

FIGURE 13-35

	

This flowchart can be used to aid decision making regarding possible options for
posterior crossbite correction in the primary and mixed dentitions. Answers to the questions posed in
the chart should lead to successful treatment pathways. Some of the complex treatments are described
in Chapter 14.
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FIGURE 13-36

	

Developing anterior crossbites can be treated by extracting adjacent primary
teeth if space is not available for the erupting permanent teeth. A, The permanent maxillary right
lateral incisor is beginning to erupt lingual to the other anterior teeth. B, Extraction of both pri-
mary maxillary canines has allowed spontaneous correction of the crossbite.

FIGURE 13-37 Anterior crossbite correction with a removable appliance to tip teeth.
A, The permanent maxillary left central incisor has erupted into crossbite and (B) has been cor-
rected with a removable appliance. C, This appliance is used to tip both central incisors facially
with a 22 mil double helical fingerspring activated 1.5 to 2 mm per month to produce 1 mm per
month of tooth movement. Note that plastic baseplate material extends over the spring to main-
tain its vertical position (see Chapter 11). The appliance is retained with multiple Adams' clasps.

A maxillary lingual fingerspring can be activated 1.5 to
2 mm per month and will produce approximately 1 mm of
tooth movement in that time. Greater activation will slow
tooth movement because of excessive force, and lesser acti-
vation will prolong treatment unnecessarily. The appliance
requires nearly full-time wear to be effective and efficient.
The offending teeth should be slightly overcorrected and
retained until overbite is adequate to retain the corrected
tooth positions. One or two months of retention with a pas-
sive appliance is usually sufficient, but if overbite is inade-
quate, the appliance should be continued as a passive re-
tainer until incisor eruption has established an overbite.
The most common problems associated with these simple

removable appliances are lack of patient cooperation, poor
design leading to lack of retention, and improper activation.

Teeth also can be tipped out of anterior crossbite using
fixed appliances, either with or without attachments placed
on individual teeth. Fixed appliances have a greater range
of action and are more continuous in force application than
removable appliances. This technique reduces some of the
need for patient compliance, but will not overcome the re-
sistance of a determined and destructive child. See Chapter
14 for the use of fixed appliances for anterior crossbite
correction.

A flowchart is provided to help guide decision making
for anterior crossbites (Figure 13-38).



Anterior Crossbite-Pathways of Care

FIGURE 13-38

	

This flowchart can be used to aid decision making regarding possible options for an-
terior crossbites in the primary and mixed dentitions. Answers to the questions posed in the chart should
lead to successful treatment pathways. Some of the complex treatments are described in Chapter 14.
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Maxillary Dental Protrusion and Spacing. Treat-
ment for maxillary dental protrusion during the early
mixed dentition is indicated only when the maxillary in
cisors protrude with spaces between them and are estheti-
cally objectionable or in danger of traumatic injury. When
this condition occurs in a child who has no skeletal dis-
crepancies, it is often a sequela to prolonged thumbsuck-
ing. Eliminating the thumb habit prior to tooth movement
is advisable (see the next section).

If there is adequate vertical clearance and space within
the arch, the maxillary incisors can be tipped lingually with

a removable or a fixed appliance. A Hawley-type removable
appliance (see Chapter 11) utilizing multiple clasps and a
28 mil labial bow can be effective for this purpose (Figure
13-39). The labial bow is activated 1.5 to 2 mm and will
achieve approximately 1 mm of retraction per month. One
and one-half millimeters of plastic must be removed lingual
to the maxillary incisors to allow tooth movement into this
area and to accommodate the soft tissue that often piles up
on the side of a tooth to which it is moving. The plastic and
the labial bow should both be adjusted and evaluated at
each appointment.

FIGURE 13-39

	

A removable appliance can be used to retract protrusive incisors that require
lingual tipping when space and overbite permit. A, This patient has protrusive incisors and spac-
ing caused by a prolonged thumb habit. B, A removable appliance is used to tip the incisors lin-
gually by activating the 28 mil labial bow 1.5 to 2 mm and relieving the plastic lingual to the in-
cisors at each appointment.

FIGURE 13-40

	

An adhesive bandage can be applied over the end of the finger to remind the
child not to suck and to reduce the enjoyment. The bandage should be anchored at its base for
retention with waterproof tape, so that it will stay in place if sucking is still attempted. (Courtesy
Dr. B. Joo.)
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If the overbite is enough to bring the upper and lower
incisors into vertical contact, however, the upper incisors
cannot be retracted until the overbite is corrected. In some
properly selected patients this can be corrected with a
biteplate that allows eruption of posterior teeth and re-
duces the overbite (see Chapter 14), but it is rare that Class
11 malocclusion is not part of the total picture when overjet
and overbite both are present. This presents a much more
complex treatment problem.

Fixed appliance therapy is recommended if the teeth
require significant retraction, bodily movement or correc-
tion of rotations. This type of treatment is more complex
and addressed in Chapter 14.

Oral Habits and Open Bites
Although children engage in a number of oral habits, digit
and pacifier sucking are the most common, occurring at
some time in the majority of children. 2 ' The effect of such
a habit on the hard and soft tissues depends on its duration,
frequency and intensity (see Chapter 5). Although it is pos-
sible to deform the alveolus and dentition during the pri-
mary dentition years with an intense habit, much of the
change is related to the anterior teeth. Maxillary incisors
are tipped facially, mandibular incisors are tipped lingually,
and some incisors are prevented from erupting. As one
would expect, overjet increases and overbite decreases. In
some instances, maxillary intercanine and intermolar width
may be narrowed resulting in a posterior crossbite. Girls
are more likely than boys to continue finger sucking after
beginning school.

When comparing digit sucking to pacifier use, there is
some evidence for increased prevalence of posterior cross-
bites with pacifiers. 22 Pacifier shapes that are designed to
produce a more physiologic sucking pattern have not been
proven to be beneficial when compared with other pacifiers
or to finger sucking. 23

Most children discontinue pacifier use by age 4 or age
5 at the latest. The social pressures of school are a strong
deterrent. As long as the habit stops before the eruption of
the permanent incisor, most of the changes resolve sponta-
neously. By that time, the majority of children have stopped
their sucking habit. Another group still suck but want to
stop, and yet another small group do not want to stop. If a
child does not want to quit sucking, habit therapy, espe-
cially appliance therapy, is not indicated.

As the time of eruption of the permanent incisors ap-
proaches, the simplest approach to habit therapy is a
straightforward discussion between the child and the den
tist that expresses concern and includes an explanation by
the dentist. This "adult" approach (and restraint from in-
tervention by the parents) is often enough to terminate the
habit but is most effective with older children.

Another level of intervention is reminder therapy. This
is for the child who wants to quit but needs help. Any one
of several reminders that are introduced with explanation
to the child can be useful. One of the simplest approaches

is to secure an adhesive bandage with waterproof tape on
the finger that is sucked (Figure 13-40). Remember that the
anterior portion of the quad helix appliance can be quite
useful as a reminder (see Figure 13-31).

If the reminder approach fails, a reward system can be
i mplemented that provides a small tangible reward daily for
not engaging in the habit. In some cases, a large reward
must be negotiated for complete cessation of the habit.

If all the above fail and the child really wants to quit, an
elastic bandage loosely wrapped around the elbow prevents
the arm from flexing and the fingers from being sucked. If
this is necessary, it is usually only at nights and 6 to 8 weeks
of intervention should be sufficient. Once again, the child
should understand that this is not punishment.

If the previous methods have not succeeded in elimi-
nating the habit, the child who wants to stop sucking can be
fitted with a cemented reminder appliance to actively im
pede sucking (Figure 13-41). These appliances can be de-
formed and removed by children who are not compliant
and do not truly wish to stop the finger habit, so coopera-
tion still is important. This appliance can also be used as a
retainer following posterior crossbite correction if a finger
sucking habit remains.

The appliance consists of a maxillary lingual arch and
a crib constructed of soldered wire so that it is difficult to
insert the thumb into the mouth. Heavy wire (38 to 40 mil)
should be used to eliminate any flexibility. This appliance is
bulky but not sharp, and it can be secured to either the pri-
mary second molars or the permanent first molars. A re-
movable appliance is contraindicated because lack of com-
pliance is part of the problem. The purpose of the therapy
must be explained so the patient realizes that the appliance
serves as a reminder and not as punishment. If this is un-
derstood by the child as a "helping hand," the treatment
will be successful and psychological problems will not re-
sult. z `t When sucking apparently ceases, the appliance
should be retained in place for approximately 6 months to

FIGURE 13-41

	

A cemented habit crib made of 38 to 40 mil
wire can be used as a reminder along with an explanation to
interrupt a fingersucking habit. The appliance can be cemented
to either primary or permanent molars and should be extended
anteriorly to interfere with the finger position during sucking.
The amount of overbite will also help determine the appliance
position.
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FIGURE 13-42

	

Open bites observed during the transitional dentition years often close spon-
taneously. A, This patient had good skeletal relationships and an open bite during the early mixed
dentition years. B, Four years later, without appliance therapy, the open bite has spontaneously
closed. (Courtesy Dr. R. Scholz.)

ensure the habit has truly stopped. Commonly these ce-
mented reminders leave an imprint on the tongue that will
resolve when the appliance is removed. The appliances also
trap food and can lead to mouth odor, so excellent oral hy-
giene is beneficial.

The open bites associated with sucking in children
with normal jaw relationships often resolve after sucking
stops and the remaining permanent teeth erupt. An appli
ance to laterally expand a constricted maxillary arch or re-

tract flared and spaced incisors may be needed, but the
open bite should require no further treatment in children
with good skeletal proportions (Figure 13-42). 25

Open bites that persist almost always have a significant
skeletal component and careful diagnosis of the contribut-
ing factors is required." The treatment of more severe and
persistent open bites is discussed in Chapter 15.

A flowchart is provided to help guide decision making
for open bite problems (Figure 13-43).



Oral Habits-Pathways of Care

FIGURE 13-43

	

This flowchart can be used to aid decision making regarding possible options for non-
nutritive sucking habits during the primary and mixed dentitions. Answers to the questions posed in the
chart should lead to successful treatment pathways.
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CHAPTER

Complex Nonskeletal Problems in
Preadolescent Children

Special considerations in early treatment
Space deficiency problems

Space deficiency largely due to allowance for molar shift:
space management

Severe localized space loss
Severe generalized arch length discrepancy
Serial extraction

Excess space

Large maxillary midline diastema
Generalized spacing with protrusion
Missing permanent teeth

Eruption problems

Supernumerary teeth
Managing sequelae of delayed eruption

Crossbites
Posterior
Anterior

Deep bite

Traumatic displacement of teeth

This chapter focuses on treatment procedures for the
mixed dentition patients identified as complex nonskeletal
problems during the later stages of the triage process out-
lined in Chapter 6. Although there is no skeletal involve-
ment in their malocclusion, they have either severe enough
crowding and malalignment that major arch expansion or
extraction would be required, or other problems leading to
major displacements of teeth within the arches.

In contrast to the moderately severe problems dis-
cussed in Chapter 13, these complex problems are un-
likely to be solved with either simple orthodontic appli
ances or short duration of treatment. Before we begin a

discussion of treatment approaches, it is appropriate to
review some of the major differences between early
(mixed dentition) and later (permanent dentition) treat-
ment for problems of this type.

SPECIAL CONSIDERATIONS
I N EARLY TREATMENT

Among the important points to consider when early treat-
ment is considered are these:

The Goals of the Treatment Must
Be Clearly Outlined and Understood
For a child with a complex problem, it is highly likely that
a second stage of treatment in the early permanent denti-
tion will be required, even if early treatment is carried out
effectively and properly (Figure 14-1). There is a limit to
the time and cooperation that patients and parents are will-
ing to devote to treatment. Unless appropriate end points
are set in advance, it is easy for mixed dentition treatment
to extend over several years, even when skeletal growth is
not a factor. Patients can be "burned out" by the time they
are ready for comprehensive treatment in the early perma-
nent dentition.

This means that the diagnosis and treatment planning
are just as demanding and important as in comprehensive
treatment. If the treatment goals are not clear, setting ap
propriate endpoints will be impossible. In early treat-
ment, all aspects of the occlusion usually are not modified
to ideal or near ideal. The original alignment, overjet, and
overbite will have to be accepted if they are not treated,
and the treated teeth will have to coordinate and inter-
digitate with the untreated teeth. Essentially, the final re-
sult is dictated by the untreated teeth and arch. For in-
stance, if the lower arch is not ideally aligned, it will be
difficult to ideally align the upper arch and have proper
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FIGURE 14-1

	

When limited treatment is done in the mixed dentition, it is highly
likely that a second stage of treatment will be required later, or a less-than-ideal result will
have to be accepted. A, This completed patient shows limited overbite and overjet in the
maxillary left incisor region. B, Because only the maxillary arch had a fixed appliance, the
pretreatment irregular alignment in the lower arch was accepted. It is difficult to have ideal
relationships when only one arch is treated.

FIGURE 14-2

	

This patient wore headgear during the mixed dentition but was unable
to obtain equal molar and canine correction on the right and left. Because only one arch
was treated, interarch mechanics could not be used to remedy this problem.

coordination of the teeth without interferences. Likewise,
if there is a substantial curve of Spec in the lower arch and
only the upper arch is leveled, the overbite and overjet
will be excessive. That is acceptable if the remainder of
the total correction is to be accomplished later.

Fewer Options Are Available,
and Patient Cooperation Is More Critical
In mixed dentition treatment with a partial appliance, there
simply are fewer options available. For instance, if a Class II
patient does not wear a headgear as prescribed in limited
treatment, you are out of luck-starting over with a differ-
ent approach is about the only option. In comprehensive
treatment, there are the options of Class II elastics, inter-
arch springs, Herbst attachments or guide planes. Although
some of these options also require cooperation, one of the
alternatives may catch the imagination of the recalcitrant
patient and allow treatment to be completed in an accept-
able manner. In limited treatment, the options are not there
(Figure 14-2). Therefore, carefully picking the patients and
working within their range of cooperation is critical.

There Are Important Biomechanical
Differences Between Complete and
Partial Appliances
The typical fixed appliance for mixed dentition treatment
is a "2 X 4" arrangement (2 molar bands, 4 bonded in-
cisors). When a fixed appliance includes only some of the
teeth, archwire spans are longer, large moments are easy to
create, and the wires themselves are more springy and less
strong (see Chapter 10).

This can provide some biomechanical advantages. For
example, intrusion of teeth is easier with long spans of wire
that keep forces light and allow the appropriate moments
to be generated. On the other hand, the wires are more
prone to breakage and distortion. There is little indication
for use of the newer superelastic wires when long unsup-
ported spans exist. Simple multistranded steel wires and
looped stainless steel configurations are more effective. Be-
cause the available permanent teeth are grouped in anterior
(incisor) and posterior (molar) segments, a segmented arch
approach to mechanics often is required. The apparently
simple fixed appliances used in the mixed dentition can be
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FIGURE 14-3

	

A, This patient had limited overbite on the left side where an impacted
canine was located. B, The patient still has limited overbite after extrusion of the canine
because appliances were only used on the maxillary, so no inter-arch elastics could be used.

quite complex to use appropriately (see Chapter 10). They

are better described as deceptively simple.

Anchorage Control Is Both
More Difficult and More Critical
With only the first molars available as anchorage in the
posterior segment of the arch, there are limits to the amount

of tooth movement that should be attempted in the mixed
dentition. In addition, stabilizing lingual arches are more

likely to be necessary as an adjunct to anchorage. In chil-
dren with moderate problems, flexible lingual arches often

are employed to produce tooth movement, for instance, to

increase arch length. In those with severe problems, a rigid

lingual arch is more likely to be used to control anchorage,

while bonded brackets and labial archwires produce the

desired tooth movement.

Space Closure Must Be
Managed with Particular Care
Otherwise, when all teeth are not banded or bonded, the

teeth without attachments will tend to be squeezed out of

the arch. Unanticipated side effects of space closure that

would not be encountered with a complete fixed appliance

often are a problem in mixed dentition treatment.

I nterarch Elastics Must
Be Used Sparingly if at all
The side effects of Class 11 or Class III elastics make them

risky in the extreme with partial fixed appliances like the

typical mixed dentition 2 X 4 arrangement. They are not

recommended under most circumstances unless a complete

fixed appliance is present (Figure 14-3). Cross elastics can

be employed in the mixed dentition, in the treatment of

unilateral crossbite.

Retention Often Is Needed between
Mixed Dentition Treatment and Eruption
of the Permanent Teeth
After any significant tooth movement, it is important to

maintain the teeth in their new position until a condition

FIGURE 14-4

	

When retention is used between early (phase 1)

and later (phase 2) treatment, creative planning of bow and clasps
positions is required to avoid interference with erupting teeth and
maintain the effectiveness of clasps. Note that the labial bow
crosses the occlusion distal to the lateral incisors rather than in the
area where the canines will erupt, and the molar clasps adapt to
the bands and headgear tubes.

of stability is reached. That is as true in the mixed denti-

tion as later. In fact, careful retention may be even more

necessary after early treatment. The final stage of transi-

tion from the mixed to the permanent dentition is a par-

ticularly unstable time. For instance, mesial drift of mo-

lars that shortens arch length normally occurs then, but

this can be disastrous if arch expansion was the goal of

early treatment.

In mixed dentition patients, retention must be planned

with two things in mind: the patient's current vs. initial

condition and subsequent changes in the dentition and oc

clusion (Figure 14-4). With removable retainers, the loca-

tion and design of clasps, wires, and labial bows should

make them either modifiable or removable. Wires through

edentulous areas can interfere with eruption of the perma-

nent teeth in that area, and clasps on primary teeth will be

of limited use because these teeth will be lost. Preadoles-

cent children, even those who were quite cooperative with

active treatment, tend not to be reliable patients for re-

movable retainers, so the greater control provided by fixed

rather than removable retainers must be balanced against

the greater hygiene risk of fixed devices.
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SPACE DEFICIENCY PROBLEMS

Space Deficiency Largely Due to Allowance
for Molar Shift: Space Management

Management of Incisor Crowding.

	

Some children
have considerable incisor irregularity in the mixed denti-
tion due to the transitional incisor crowding, but space
analysis shows that if loss of leeway space from mesial drift
of first permanent molars could be prevented, there would
be no space deficiency. For other patients, the large leeway
space would nearly accommodate all the teeth and only a
small amount of expansion would be required if mesial
movement of the molars were prevented. When this strat-
egy for treatment of crowding is adopted, intervention be-
gins as late as possible and capitalizes most on the space dif-
ferential between the primary second molar and the second
premolar, sometimes known as the "E space." It is critically
important to prevent either mesial movement of the first
molars or lingual tipping of incisors, so appliance therapy-
at least in the form of a lingual arch-will be necessary
from the time any primary teeth are extracted until the end
of the transition to the permanent dentition.

Usually a combination of early extraction of primary
canines and disking to reduce the width of primary molars
is necessary to allow the permanent incisors, canines, and
premolars to erupt and align (Figure 14-5). A lingual arch
that will support the incisor teeth and control the molar po-
sition by preventing any mesial shift is the minimum or-
thodontic appliance therapy. As in moderate space prob-
lems, the lingual arch can be activated slightly to tip molars
distally and incisors facially to obtain a modest increase in
arch length (Figure 14-6). A lip bumper also can be used in
the lower arch to maintain the position of the molars or
perhaps tip them slightly distally, while removing lip pres-
sure and allowing the incisors to move facially. The effect
of lingual arches and lip bumpers in the lower arch is re-
markably similar; forward movement of the incisors is the
major way in which additional space is gained.

When space is created in this way, the incisors often
align spontaneously if the irregularity is from faciolingual
tipping, but rotations are less likely to resolve. Correction
of any incisor rotations requires controlled movement to
align and derotate them, using an arch wire and bonded
attachments on the incisors. It may be wise to defer this
therapy until comprehensive treatment is begun in the
early permanent dentition. If it is undertaken in the mixed
dentition, the permanent first molars should be banded
(and ideally reinforced with a lingual arch) to serve as an-
chorage and to maintain posterior stability and arch di-
mensions. If the arch wire is not supported between the
first molar and incisors, it must be relatively large for
strength in the buccal segments and may have to incorpo-
rate loops for flexibility in the incisor region. If the pri-
mary first molars are also bonded, a smaller and more flex-
ible wire can be used because the length of the molar
segment arch wire span is reduced. After alignment has

FIGURE 14-5

	

Disking primary posterior teeth in conjunc-
tion with space maintenance is an effective method to use the
leeway space and all available arch length. Note that the disking
must he completed perpendicular to the occlusal plane so that
the height of contour of the tooth is reduced. Occlusally con-
vergent slices that do not reduce the mesiodistal width of the
tooth are not helpful.

FIGURE 14-6

	

A lingual arch in conjunction with primary tooth
extraction can be an effective way to manage the available arch
l ength by taking advantage of the leeway space and reducing
crowding. A, The primary second molars are in place, and there is
some anterior crowding that is within the range of the leeway space.
B, The primary second molars were extracted, and a lingual arch
was placed immediately to take advantage of the leeway space. Sub-
sequently, the second premolars erupted and the incisors aligned.

been achieved, if root position needs to be corrected, a
rectangular wire is required to finish the tooth movement.

When the incisor segment is straight without anterior
arch curvature, extraction of primary canines usually leads
to spacing of the incisors or maintenance of essentially the
same arch form. Alignment does not improve even when
the space is available and a lingual arch is in place to serve
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FIGURE 14-7 Anterior crowding combined with a straight anterior incisor segment.
A, Straight incisors segments with lateral incisors that overlap the mesial of the primary canine
(B) usually do not align into ideal arch form when the primary canines are extracted, even if
a lingual arch is used.

as a template for tooth position (Figure 14-7). In most of
these children, crowding will again be evident when the ca-
nines and first premolars erupt and selective disking or ex-
traction of the primary second molars and continued space
control with a lingual arch will be necessary. Deferring
treatment until as late as possible-when the premolars are
erupting-usually is the best judgment.'

Anterior Intra-arch Asymmetry.

	

Another problem
that often needs to be addressed in the mixed dentition is
anterior arch asymmetry. This is usually a shift of the den
tal midline to one side because of the premature loss of one
primary canine caused by root resorption when the adja-
cent lateral incisor erupted. Loss of one primary canine of-
ten indicates a moderate space deficiency. If no permanent
teeth will be extracted to provide additional space in the
arch, this problem needs to be addressed before the re-
maining permanent teeth erupt because as more teeth
erupt in asymmetric positions, overall arch perimeter will
shorten and lead to a substantial space discrepancy with
total arch asymmetry.

The mildest form of asymmetry is a significant but small
(2 mm) midline shift. If the arch length is adequate, the in-
cisors can be aligned and tipped back to their optimum loca
tion using a removable appliance and fingersprings. In some
cases, disking or extraction of a primary canine or molar will
be required to provide the necessary room for this correction
even if space in the arch is predicted to be adequate. This
technique is discussed in Chapter 13.

If bodily drift and rotational change has accompanied
the midline change, the anterior teeth should be bonded
and aligned with an arch wire. The force to move the
teeth is usually generated by a coil spring placed on the
arch wire (Figure 14-8). Regardless of the type of tooth
movement or the appliance used for correction, retention
will be needed until the remaining permanent teeth erupt
(Figure 14-9).

Correction of Molar Relationship. Because the
molars have not been allowed to shift forward into the lee-
way space when space management is employed, they often
are maintained in the end-to-end relationship that is

FIGURE 14-$ Bonded anterior teeth and banded posterior
teeth, with a lingual arch to reinforce anchorage, are used to move
the anterior teeth bodily. The coil spring generates the force to
move the teeth along the arch wire.

FIGURE 14-9 Midline shift requiring bodily movement.
A, The midline of the mandibular arch has bodily shifted to
the patient's right because of premature loss of a primary canine.
B, The teeth were moved back to their proper position using a
fixed appliance and are supported until eruption of the canines
with a lingual holding arch.
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normal before the premolars erupt instead of moving into
a Class I relationship. For that reason, space management
also must include treatment to obtain a Class I molar rela-
tionship (i.e., if the lower molar is prevented from coming
forward, the upper molar must be moved back). In the
mixed dentition, the possibilities are extraoral force (head-
gear to the molars) or some type of molar distalizing appli-
ance. If a second stage of treatment definitely is planned,
later correction of the molar relationship (after the perma-
nent teeth have erupted) might involve fixed appliances and
interarch (Class II) elastics.

Headgear.

	

To change an end-to-end molar relation-
ship to Class 1 by moving the upper molars distally, either
by tipping both molars distally or by bodily movement, ex
traoral force via a facebow to the molars is the most effec-
tive and straightforward method . 2 The force is directed

FIGURE 14-10

	

The effect of headgear on the molar is deter-
mined by the relationship of the outer bow of the facebow to the
center of resistance of the tooth (in this figure, the dot in the mid-
root area) and the direction of pull (headcap, neckstrap, or com-
bination anchorage). Facebow options for headgear are illustrated
here. The vertical position of the outer bow can be high, straight,
or low and its length can be short, medium, or long. Further de-
tails of the facebow and anchorage combinations and their effects
are discussed in Chapter 15.

FIGURE 14-11

	

Extraoral force to a facebow can be used to tip molar crowns distally for space re-
gaining. A, Symmetric facebow with a 45 mil inner bow is inserted into the tubes on the molar bands,
and the outer bow is attached to an extraoral strap. B, The long, low outer bow attached to a cervical
neckstrap is ideal to tip molar crowns distally for space regaining. C, This patient has bilateral space loss
as a result of mesial tipping of the molars. D, Space has been regained using a headgear in the upper arch
and a lingual arch in the lower. Note the increased space and improved permanent molar relationships.
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specifically to the teeth that need to be moved, and recip-
rocal forces are not distributed on the other teeth that are
in the correct positions. The force should be as nearly con-
stant as possible to provide effective tooth movement and
should be light because it is concentrated against only two
teeth. The more the child wears the headgear, the better;
14 to 16 hours per day is minimal. Approximately 100 gm
of force per side is appropriate. The teeth should move at
the rate of 1 mm/month, so a cooperative child would need
to wear the appliance for 3 months to obtain the 3 mm of
correction that would be a typical requirement in this type
of treatment.

If the outer bow of the headgear is positioned so that
the resultant force vector passes occlusal to the center of
resistance, which is near the midpoint of the root (Figure
14-10), the molar crown will tip distally. Distal crown tip-
ping will occur if the facebow is attached to a neckstrap
with either a medium length, straight or long, low outer
bow (Figure 14-11). Distal tipping also would occur with
a medium length, straight outer bow attached to a headcap
as long as the resultant force vector passes occlusal to the
center of resistance.

For bodily movement, the outer bow must be posi-
tioned so that the resultant force is through the center of
resistance. Bodily movement can be attained with a
medium length outer bow in combination with either a
headcap or neckstrap (Figure 14-12, A). To move the mo-
lar roots distally most conveniently, the outer bow should
be short and high so the resultant force is above the center

of resistance. This is achieved most conveniently with a
headcap for force application (Figure 14-12, B).

A simple method to check for position of the resultant
force relative to the center of resistance is to watch the por-
tion of the headgear where the inner and outer bows meet,
between the lips. If connecting the outer bow to the neck-
strap or headcap raises this junction point of the inner and
outer bows, the roots will move distally. If the junction
moves down, the crown is going to tip distally. When the
junction is stable, bodily movement will result.

It is important to remember that the direction of head-
gear pull relative to the crown also will determine whether
the molar will be extruded, maintained at the same vertical
level, or intruded as it is moved distally. A neckstrap at-
tachment produces a downward as well as backward force
on the molar and will extrude it, and adjusting the outer
bow to control distal tipping when a neckstrap is used in-
creases the extrusive force. In space management, however,
the duration of extraoral force is only a few months and-
even with cervical headgear extrusion of the molar-is
unlikely to become a problem. Tooth movement should
occur at the rate of 1 mm per month. Nevertheless, high
pull headgear is an excellent option. Baumrind et al re-
ported that this approach is particularly effective in pro-
ducing distal molar movement. 3

Asymmetric Headgear.

	

Sometimes both molars have
to be moved distally, but one requires substantially more
movement than the other. To accomplish this, an asym
metric facebow with a neckstrap attachment can be used to

FIGURE 14-12

	

Bodily molar movement for space regaining is best achieved with a
specific headgear-facebow configuration. A, A combination of a headcap and a neckstrap
attached to a shorter and higher outer bow than that used for crown tipping is optimal.
B, Using an even shorter and higher outer bow with a high pull headcap is the best way to
move molar roots distally.
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FIGURE 14-13

	

Asymmetric forces, achieved with a headgear by using an asymmetric outer
bow, can be useful in regaining bilateral but asymmetric lost space. A, The outer bow is cut short
on the side that needs the smaller distal movement and is left long on the side requiring the
greater distal correction. B, When the appliance is in place, before the neckstrap is attached, the
side with the long outer bow should be approximately 4 to 5 cm from the cheek. The distance is
reduced when force is applied by the strap and the outer bow rotates toward the face. C, Intra-
orally a bilateral space shortage is evident, more on the right side than the left, because of pre-
mature loss of a primary molar. D, Good asymmetric headgear wear resulted in space available
for all succedaneous teeth.

deliver more force to one tooth than the other (Figure 14-
13). 4 This will result in more movement on the side with
the longer outer bow but will also move that tooth toward
lingual crossbite. This approach does not work with a high
pull headcap. Asymmetric cervical headgear is neither as
easy to adjust nor as comfortable to wear as symmetric
headgear, and it requires excellent patient compliance. For
space regaining, it should be used only to deal with bilateral
but asymmetric space loss-not true unilateral space loss,
which is treated best with a removable appliance.

I ntra-arch Appliances.
Molar Rotation. The mildest form of maxillary

space loss is mesiolingual rotation of the maxillary molars
around the large lingual root (Figure 14-14, A). This can
result from modest mesial drift into space lost because of
proximal caries or minor space loss after early extraction of
maxillary second primary molars. This type of space loss
can be recognized by the lack of molar buccal offset (the
facial surface is normally more prominent than the pri-
mary molar or premolars) and an end-to-end permanent
molar relationship.

Bilateral derotation of these teeth with a soldered or
removable 36 mil transpalatal arch with an adjustment loop
has been advocated to improve alignment and distalize the
teeth, increasing arch perimeter (Figure 14-14, B). 5 As

inviting as this approach appears, recent evidence indicates
that although the teeth do derotate, they are just as likely
to move mesially as distally, 6 so neither increased arch
perimeter nor an improvement in molar relationships is
guaranteed. One of the methods described below is likely
to be required.

Distal Molar Movement.

	

If bodily distal movement
of one or both permanent maxillary first molars is neces-
sary to adjust molar relationships and space, if there are
adequate anterior teeth for anchorage, and if some ante-
rior incisor movement can be tolerated, several appliances
can be considered. All are built around the use of a heavy
lingual arch, usually with an acrylic pad against the ante-
rior palate to provide anchorage (Figure 14-15). Often the
anterior teeth also are bonded and stabilized with an arch
wire. Then a force to move the molar distally is generated
with a helical spring, stainless steel or superelastic coil
spring s or magnets (see Figures 8-40 and 17-3). The
amount of tooth movement needed to adjust upper molars
for space management clearly could be obtained in this
way. The only contraindication would be the complexity
and cost of the apparatus, in contrast to the much simpler
headgear approach.

No matter how a molar was moved distally, if the time
prior to eruption of the premolars will be longer than a few
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FIGURE 14-14

	

Molar rotation using a transpalatal arch. A, This patient has mesially
rotated upper first molars at the beginning of treatment. B, During the early phases of
treatment the molars were derotated using the transpalatal arch. This movement usually
improves interdigitation with the lower molars but cannot be counted on to increase the
available space by moving the upper molars distally.

FIGURE 14-15

	

Bodily movement of permanent molars to
regain space can be accomplished using a fixed appliance that is
reinforced with a lingual arch. This method, although complex,
has the capability to localize the active forces and resist un-
wanted reactive forces. A lingual arch incorporating a Nance-
type palatal button is placed from a primary tooth adjacent to
the area of space loss extending to the other side of the arch.
This provides the anchorage to resist the force of repositioning
the permanent molars. A compressed coil spring provides the
force to reposition the molar and extends from the anchorage
unit to the molar. Tooth movement should proceed at approxi-
mately 1 mm per month and be retained with a band and loop or
lingual arch. (Courtesy Dr. M. Mayhew.)

months, it will be necessary to hold them back after they
are repositioned. A Nance appliance is probably the best
insurance to guard against repeated space loss.

It is rare that a child who receives this type of treatment
in the mixed dentition does not require further treatment
after all permanent teeth have erupted. If minor irregular
ity can be accepted until the patient is ready for compre-
hensive treatment, the total treatment time and appliance
wear can be shortened.

Severe Localized Space Loss (>3 mm)
Space loss can progress quickly and exceed the 3 mm
amount that can be dealt with using removable or simple
fixed appliances. When localized space loss is 4 mm or

more, the decision must be made either to attempt to re-
gain the space, accepting the need for major tooth move-
ment and complex appliance therapy, or to extract a per-
manent tooth. Either way, a second stage of comprehensive
treatment in the early permanent dentition is likely to be
needed.

The treatment necessary to regain the space, especially
if a second stage of treatment will be required in any event,
may be more than is reasonable when one analyzes the
cost/benefit ratio. Extraction with space closure often is a
better choice. In that circumstance, the mixed dentition
treatment can be limited to maintenance of the existing
space, so that the ultimate space closure occurs under con-
trol when the complete fixed appliances are present. This
should be kept in mind as the major space regaining proce-
dures are discussed below.

Maxillary Space Regaining.

	

Bilateral space loss, as
in bilateral drift of both first molars after early extraction of
both primary second molars, creates a condition identical
to the one described under space management if the drift is
not too severe. Moving both molars back up to 3 mm can
be accomplished with either headgear or an intra-arch ap-
pliance, exactly as described previously. The more typical
space regaining situation is unilateral loss of space. Failure
to maintain space after extraction of a carious maxillary sec-
ond primary molar or ectopic eruption of the permanent
first molar are the major causes.

For unilateral space regaining, a fixed intra-arch ap-
pliance is preferred. This would be essentially identical
to the one made for bilateral use but with only one side
activated. The excellent anchorage provided by the rest
of the appliance can produce distal movement of the mo-
lar on only one side with good success. When a molar
drifts mesially, it usually tips, and space regaining is facil-
itated because bodily movement is not required in most
instances.

An asymmetric facebow, as mentioned previously, is also
a possibility. Remember that with this appliance, teeth on
both sides of the arch will move distally, not just on one side.
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Mandibular Space Regaining. Space regaining in
the mandibular arch is difficult to accomplish without forc-
ing the incisors labially. A fixed appliance with multiple
banded/bonded attachments, perhaps supported by inter-
arch elastics and extraoral force, may be required to move a
lower molar back after it has drifted mesially. Bodily distal
movement of lower molars is almost impossible, but with
excellent anchorage and careful activation of a fixed appli-
ance, it is possible to tip a molar distally to regain space.

As an alternative for unilateral mandibular space re-
gaining, a lingual arch can be used to support the tooth
movement and provide anchorage when used in conjunc
tion with a segmental arch wire and coil spring (see Figure
14-15). This is analogous to the method previously de-
scribed for the maxilla, but a mandibular lingual arch in-
evitably is less stable than a maxillary one. Usually the
lower lingual arch runs from one permanent first molar to
the opposing primary first molar on the side where the
space is to be regained. This primary molar also has a
bracket on the facial surface of the band. A coil spring then
can be compressed on a segmental arch wire between the
primary and permanent molars. The regained space must
be maintained, preferably with a passive lingual arch to
bands on both permanent first molars.

Severe Generalized Arch Length
Discrepancy (>4 mm)
Severe crowding usually is obvious even before a space
analysis can be completed. These children have little devel-
opmental spacing between primary incisors and occasion-
ally some crowding in the primary dentition. The two ma-
jor symptoms of severe crowding in the early mixed
dentition are severe irregularity of the erupting permanent
incisors and early loss of primary canines caused by eruption
of the permanent lateral incisors. The children with the
largest arch length discrepancies often have reasonably well
aligned incisors in the early mixed dentition, because the
primary canines were lost when the lateral incisors erupted.
After a definitive analysis of the profile and incisor position,

the decision must be made to either expand the arches or ex-
tract permanent teeth (see Chapter 8 for a review of factors
influencing this decision). In the presence of severe crowd-
ing, limited treatment of the problem will not be sufficient.

A key question, which remains unanswered, is whether
early expansion of the arches (before all permanent teeth
erupt) gives more stable results than later expansion (in the
early permanent dentition). Partly in response to the real-
ization that recurrent crowding occurs in many patients
who were treated with premolar extractions (see Chapter
8), a number of approaches to early arch expansion recently
have regained some popularity in spite of a lack of data to
document their effectiveness. Expansion can involve any
combination of several possibilities: maxillary dental or
skeletal transverse expansion by tipping teeth facially or by
expanding the midpalatal suture, respectively; mandibular
buccal segment expansion by facial movement of the teeth;
or advancement of the incisors or distal movement of the
molars in either arch.

The most aggressive approach to early expansion uses
maxillary and mandibular removable lingual arches in the
complete primary dentition." ) This produces an increase in
both arch perimeter and width. The expansion is main-
tained for variable periods during the mixed and permanent
dentition years. Lutz and Poulton examined long-term re-
sults of this approach and found little change in intercanine
width when control and treated patients were compared,
but they did observe a small amount of buccal segment ex-
pansion and arch perimeter increase." The ability of this
technique to meet the challenge of anterior crowding is
questionable and unsubstantiated.

A less aggressive approach, in terms of timing, is to ex-
pand the upper arch in the early mixed dentition, using a
lingual arch (or perhaps a jackscrew expander-but this
must be done carefully and slowly in the early mixed
dentition) to produce dental and skeletal changes (Figure
14-16). The necessary mandibular incisor and buccal seg-
ment expansion, as well as molar uprighting, can be ob-
tained with a utility arch (Figure 14-17)." 2 Some authors

FIGURE 14-16

	

Some practitioners advocate early expansion by opening the mid-
palatal suture, usually using a jack-screw type appliance as in this patient, even in the ab-
sence of a posterior crossbite or an apparent arch length shortage, on the theory that
this will improve the long-term stability of arch expansion. Little or no data exist to sup-
port this contention.
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have suggested that this not only provides more space and
better esthetics but can eradicate disharmonies between the
arches that are present in Class 11 and Class III malocclu-
sions due to inexplicable anterior and posterior skeletal ad-
justments.13 Data supporting the long-term effectiveness of
this technique are unavailable. It seems unlikely that the soft
tissues, which establish the limits for arch expansion (see
Chapter 5), would react quite differently to transverse ex-
pansion at different ages, or that jaw growth in other planes
of space would be greatly affected by transverse expansion.

Another alternative is to use a functional appliance that
incorporates lip and buccal shields (see Chapter 15) or a lip
bumper (Figure 14-18) to reduce the resting pressure of the
lips and cheeks and produce dental expansion. Lip pads and
buccal shields will lead to anterior movement of the in-
cisors and buccal movement of the primary molars or pre-
molars, which allows the teeth to align themselves along a
larger arch circumference. After additional space has been
created, a retainer is needed. Although adequate evidence
indicates that these appliances can create expansion, its sta-
bility has not been documented.14 A functional appliance
rarely is indicated in a child with no skeletal problem.

A combination of maxillary lingual arch appliances to
rotate upper molars; headgear, sometimes supplemented
by fixed or removable appliances to distalize upper molars;
and a mandibular lip bumper to increase lower arch di-
mensions by moving incisor and buccal segments facially
and lower molars distally, has been advocated as an effec-
tive way to produce major arch expansion." Studies that
evaluated the use of lip bumpers to increase lower arch
length have yielded variable results. Most document some
arch width changes, modest distal molar movement, and
variable incisor proclination during treatment. 16,17

Finally, arch expansion can be obtained by aligning the
anterior teeth with bonded attachments and arch wires, and
this can be combined with other types of expansion. As de
scribed previously, the teeth can be tipped facially and buc-
cally, increasing the available arch length (Figure 14-19).

Early expansion with both functional appliance com-
ponents (including the lip bumper) and/or fixed appliances
has three major limitations: the long duration of treatment
from the primary or early mixed dentition through the
eruption of the permanent teeth; the possibility of creating
unesthetic dentoalveolar protrusion; and the uncertain sta-
bility of the long-term result. Although it seems reasonable
to assume that stability would be better if the initial space

FIGURE 14-18

	

A lip bumper can be used to increase defi-
cient mandibular arch length. A, Because of its long span, the lip
bumper must be constructed from heavy wire to prevent distor-
tion. B, The wire is adjusted to be 1.5 to 2 mm facial to the lower
incisors, and the plastic shield that usually is added to increase
contact with the lip typically is adjusted to fit at least two mil-
limeters below the incisal edges. In theory, this increases the lip
pressure that is transmitted to the molars and increases distal
molar movement.

FIGURE 14-17

	

A utility arch can be used to intrude, tip, or
reposition either maxillary or mandibular incisors, but with the
limited anchorage provided by only the first molars, posterior
teeth can be expected to move as well. The arch wire is stepped
away from the occlusal plane to eliminate distortion from inter-
ference with food during chewing.

FIGURE 14-19

	

For mixed dentition treatment of significant
lower crowding and irregularity, banded/bonded attachments and
an arch wire provide the most efficient approach. This patient has
a degree of crowding that indicates fixed appliance treatment;
note the use of a superelastic coil spring to create space for the
erupting mandibular right canine.
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discrepancy were small and initial incisor protrusion were
minimal, even this is not well documented at present.

Because several millimeters of space can be generated
by a number of the techniques cited here, the ability to ac-
complish such changes is not the critical question. Rather,
the question is the wisdom of major early expansion of the
arches, given the questionable stability and potentially
compromised esthetic results.

Very Severe Crowding: Serial Extraction?

	

In many
children with severe crowding, a decision can be made dur-
ing the early mixed dentition that expansion is fruitless and
that permanent teeth will have to be extracted. A planned
sequence of tooth removal can reduce crowding and irreg-

ularity during the transition from the primary to the per-
manent dentition. It will also allow the teeth to erupt over
the alveolus and through keratinized tissue, rather than be-
ing displaced buccally or lingually. This sequence, often
termed serial extraction, simply involves the timed extraction
of primary and, ultimately, permanent teeth to relieve se-
vere crowding. It was advocated originally as a method to
treat severe crowding without or with minimal use of appli-
ance therapy but is now viewed as an adjunct to later com-
prehensive treatment instead of a substitute for it. Although
serial extraction makes later comprehensive treatment eas-
ier and often quicker, by itself it usually does not result in
ideal tooth position or closure of excess space.

FIGURE 14-20

	

Serial extraction is used to relieve severe arch length discrepancies. A, The initial diag-
nosis is made when a severe space deficiency is documented and there is marked incisor crowding. B, The
primary canines are extracted to provide space for alignment of the incisors. C, The primary first molars are
extracted when one half to two thirds of the first premolar root is formed to speed eruption of the first pre-
molars. D, When the first premolars have erupted they are extracted and the canines erupt into the remain-
ing extraction space. The residual space is closed by drifting and tipping of the posterior teeth unless full ap-
pliance therapy is implemented.
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Serial extraction is directed toward severe dental

	

ances in place, there is usually some lingual tipping of the
crowding. For this reason, it is best used when no skeletal

	

lower incisors, and overbite often increases during this
problem exists and when the space discrepancy is large-

	

stage. Labiolingual displacements resolve better than rota-
greater than 10 mm per arch. If the crowding is severe, lit-

	

tional irregularity. After extraction of the primary canines,
tle space will remain, which means there will be little tip-

	

crowding problems are usually under control for 1 to 2
ping and uncontrolled movement of the adjacent teeth into

	

years, but foresight is necessary. The goal is to influence the
the extraction sites. If the initial discrepancy is smaller,

	

permanent first premolars to erupt ahead of the canines so
more residual space must be anticipated.

	

that they can be extracted and the canines can move distally
Serial extraction treatment begins in the early mixed

	

into this space. The maxillary premolars usually erupt be-
dentition with extraction of primary incisors if necessary,

	

fore the canines, so the eruption sequence is rarely a prob-
followed by extraction of the primary canines to allow

	

lem in the upper arch. In the lower arch, however, the
eruption and alignment of the permanent incisors (Figure

	

canines often erupt before the first premolars, which causes
14-20). As the permanent teeth align without any appli-

	

the canines to be displaced facially. To avoid this result, the

FIGURE 14-20, cont'd

	

E, An alternative approach to serial extraction is implemented slightly later but
under the same conditions and F, begins with extraction of the primary first molars so that there is less lin-
gual tipping of the incisors and less tendency to develop a deep bite. Extraction of the primary first molars
also encourages early eruption of the first premolars. G, When the first premolars have erupted, they are ex-
tracted and the canines erupt into the remaining extraction space. H, The residual space is closed by drifting
and tipping of the posterior teeth unless full appliance therapy is implemented.
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FIGURE 14-21

	

A complication of serial extraction is premature eruption of the permanent
canines. A, When this occurs the first premolars are impacted between the canines and the sec-
ond premolars. B, In this situation (note the lower right quadrant for this patient), the first pre-
molars usually have to be surgically removed (a procedure often called enucleation).

lower primary first molar should be extracted when there is
1/2 to 2/3 root formation of the first premolar. This usually will
speed up the premolar eruption and cause it to enter the
arch before the canine (see Figure 14-20, C). The result is
easy access for extraction of the first premolar before the
canine erupts (see Figure 14-20, D).

A complication can occur if the primary first molar is
extracted early and the first premolar still does not erupt
before the canine. This can lead to impaction of the pre
molar that requires later surgical removal (Figure 14-21).
At the time the primary first molar is removed, it may be
obvious that the canine will erupt before the premolar. In
this case the underlying premolar can also be extracted at
the same time-a procedure termed enucleation. If possible,
however, enucleation should be avoided because the erupt-
ing premolar brings alveolar bone with it. Early enucle-
ation can leave a bone defect that may persist.

The increase in overbite mentioned previously can
become a problem requiring later treatment. A variation
in the extraction sequence has been proposed in an effort
to overcome this problem." The mandibular primary ca-
nines are retained and some space for anterior alignment
is made available when the permanent laterals erupt by ex-
tracting the primary first molars instead. With this ap-
proach, eruption of the permanent first premolars is en-
couraged, and the incisors are less prone to tip lingually
(see Figure 14-20, E through H). The major goal of serial
extraction is prevention of incisor crowding, however,
some crowding often persists if the primary canines are
retained. In many patients with severe crowding, the pri-
mary canines are lost to ectopic eruption of the laterals
and cannot be maintained.

After the first premolar has been extracted, the second
primary molars should exfoliate normally. The premolar ex-
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FIGURE 14-22

	

This patient had serial extraction not followed by fixed appliance treatment
with an excellent result. Properly timed serial extraction usually results in incomplete space clo-
sure. Teeth drift together by tipping, which results in nonparallel roots between the canine and
second premolar. Lack of root parallelism, residual space, and other irregularities can be ad-
dressed with subsequent fixed appliance therapy.

traction space closes partially by mesial drift of the second
premolar and permanent first molar but largely by distal
eruption of the canine. If serial extraction is not followed by
mechanotherapy, ideal alignment, root positioning, overbite,
and space closure are usually not achieved (Figure 14-22).

EXCESS SPACE

Large Maxillary Midline Diastema
As noted in Chapter 13, there are two reasons for closing a
maxillary midline diastema: to improve the esthetic situa-
tion, and to provide enough space for the permanent ca-
nines to erupt when the separated central incisors have
forced the lateral incisors into the canine area. In a child
whose permanent canines have not yet erupted, a diastema
of 2 mm or less is likely to close spontaneously and is not
an indication for treatment. A diastema greater than 2 mm
is unlikely to close spontaneously. If by chance a large di-
astema exists and the teeth are tipped apart, they can be
tipped back together and retained with a removable appli-
ance (see Figure 13-16). The second treatment indication
for diastema closure is a more challenging treatment prob-
lem in most instances because most large unesthetic di-
astemas require bodily repositioning of the incisors.

When the situation demands bodily mesiodistal move-
ment, an anterior segmental arch wire from central to cen-
tral incisor or the classic 2 X 4 appliance can be quite sat
isfactory. Initial alignment of the incisors with a flexible
wire is required. Then a stiffer arch wire can be employed
as the teeth slide together (16 X 22 mil steel is a good
choice during the space closure) (Figure 14-23). The force
to move the incisors together can be provided by an elas-
tomeric chain tying these teeth together, or by a coil spring
compressed over the arch wire between the first molar and
lateral incisors. The diastema closure is more predictable if

only mesiodistal movement, not retraction, is required. If
the incisors are to be retracted as the space closes, careful
attention to the posterior anchorage is required.

The experienced clinician's desire to close diastemas at
an early age is tempered by knowledge of how difficult it
can be to keep the space closed. If the lateral incisors and
canines have not erupted, a Hawley-type retainer will re-
quire constant modification. An alternative approach for
retention if the overbite is not prohibitively deep is to bond
a 17.5 mil multistranded arch wire to the linguocervical
portion of the incisors (Figure 14-24). This will provide ex-
cellent retention with less maintenance.

Another retention problem may be caused by the pres-
ence of a large or inferiorly attached labial frenum. A
frenectomy after space closure and retention may be neces
sary in some cases, but it is difficult to determine the po-
tential contribution of the frenum to retention problems
from its morphology alone. Therefore a frenectomy before
treatment is contraindicated, and a post-treatment frenec-
tomy should be attempted only if a continued tendency of
the diastema to reopen and unresolved bunching of tissue
between the teeth show that it is necessary. 19

Generalized Spacing with Protrusion
As mentioned in Chapter 13, generalized spacing of the
teeth is not a frequent finding in the mixed dentition in the
absence of incisor protrusion. When maxillary anterior
teeth are spaced because the incisors protrude, the teeth
may require tipping or bodily movement during retraction.
A fixed appliance almost always is required. Large spaces,
bodily displacement, and rotations are indications for fixed
appliances. In these cases, an arch wire should be used with
bands on posterior teeth and bonded brackets on anterior
teeth. This appliance must provide a retracting and space
closing force, which can be obtained from closing loops in-
corporated into the arch wire or from a section of elas-
tomeric chain (Figure 14-25) (see also Chapter 17).
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FIGURE 14-23

	

Closure of a diastema with a fixed appliance. A, This diastema requires
closure by moving the crowns and roots of the central incisors. B, The bonded attachments
and rectangular wire control the teeth in three planes of space while the elastomeric chain pro-
vides the force to slide the teeth along the wire. C, Immediately after space closure, the teeth
are retained and (D) usually require a fixed lingual retainer at least until the permanent canines
erupt (see Figure 14-24).

FIGURE 14-24

	

A fixed retainer to maintain diastema closure.
A bonded 17.5 mil multistrand wire with loops bent into the ends
is bonded to the lingual surfaces of anterior teeth to serve as a per-
manent retainer. This flexible wire allows physiologic mobility of
the teeth and reduces bond failure but can be used only when the
overbite is not excessive.

FIGURE 14-25

	

This closing loop arch wire was used to re-
tract protrusive maxillary incisors and close space. Each loop was
activated approximately 1 mm per month, and the posterior an-
chorage was reinforced with a headgear.

Bodily incisor retraction also places a large strain on
the posterior teeth, which tends to pull them forward. De-
pending on the amount of incisor retraction and space clo
sure, a headgear, chosen with consideration for vertical
facial and dental characteristics, may be necessary for
supplemental anchorage support. Again, as with expansion
of arches for space, a major distinction between the use of
the removable vs. fixed appliance is the type of tooth
movement desired and the need to control tooth rotations.
Rotations can only be efficiently managed with banded

and bonded appliances. Additionally, arch form alteration
and posterior space closure can only be accomplished with
fixed appliances.

Missing Permanent 'teeth
When permanent teeth are congenitally missing, the pa-
tient must have a thorough evaluation to determine the
correct treatment because any of the diagnostic variables of
profile, incisor position, and space availability or deficiency
can be crucial in treatment planning.
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FIGURE 14-26

	

Primary mandibular second molars can be retained when the second premo-
lars are missing. A, This patient has missing mandibular second premolars identified before or-
thodontic treatment. B, The primary mandibular second molars that have excellent root struc-
ture were reduced mesiodistally and restored with stainless steel crowns during the finishing
stages of orthodontic treatment to provide good occlusion.

The most commonly missing permanent teeth are the
mandibular second premolars and the maxillary lateral in-
cisors. These two conditions pose different problems. If
the patient has an ideal or an acceptable occlusion, main-
taining primary second molars is a reasonable plan, since
many primary molars can be retained at least until the pa-
tient reaches the early twenties if root resorption and
caries have not been a problem (Figure 14-26). Many re-
ports exist of primary posterior teeth surviving until the
patient is 40 to 60 years of age. If the primary molars,
which are larger than the second premolars, are retained,
some reduction of their mesiodistal width is often neces-
sary to improve the posterior interdigitation of the teeth.
A limiting factor in reducing the size of primary molars
and then closing space is the mesiodistal divergence of the
primary molar roots. Teeth can move no closer together
than their roots will allow, so a nonideal posterior occlu-
sion may be the best that can be achieved.

When retained primary posterior teeth are lost and re-
quire prosthetic replacement, especially if this occurs be-
fore vertical growth is completed in the late teens, in many
cases it is possible to use less expensive and less invasive

resin-bonded bridges as an alternative to conventional
bridges and preparations. Another possibility, which has
become increasingly attractive in recent years and is likely
to be the method of choice in the future, is the intraosseous
implant. It is better to defer definitive crown and bridge
treatment until the late teens, and imperative that implants
not be done until growth is completed.

Long-term retention of primary laterals, in contrast, is
almost never an acceptable plan. When the lateral incisors
are missing, one of two sequelae usually is observed. In some
patients, the erupting permanent canine resorbs the pri-
mary lateral incisor and spontaneously substitutes for the
missing lateral incisor, which means that the primary canine
has no successor (Figure 14-27). Some of these patients are
seen as adults with primary canines in place, but most pri-
mary canines are lost by the end of adolescence even if their
successors have erupted mesially. Less often, the primary
lateral is retained until the canine is replaced by its proper
successor. The long-term prognosis of retained primary lat-
eral incisors is poor and their small size makes them unes-
thetic. If adequate space exists, implants now are preferred
for replacements. Leaving the permanent canine in the
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FIGURE 14-27 Missing permanent maxillary lateral incisors are often replaced sponta-
neously by permanent canines. This phenomenon occurs without intervention, but the resorption
noted on the retained primary canines probably will continue to progress. If implants to eventu-
ally replace the missing laterals are planned, it is desirable for the canines to erupt mesially so that
alveolar bone forms in the area of the future implant. The canines can be moved into their final
position just prior to the implant surgery.

lateral position until near the end of the growth period, then
moving it into its proper position, is the best strategy to ob-
tain adequate alveolar bone in the future implant area (see
Chapter 21). Under no circumstances should an anterior
implant be placed until vertical growth is completed. The
management of prosthetic replacement of missing laterals is
covered in some detail in Chapter 21.

If permanent teeth are missing and there is inadequate
space for the complete permanent dentition, the potential
solutions include orthodontic space closure. In some of
these cases, missing permanent teeth can be treated as if
they had been extracted to relieve the crowding. The
mandibular second premolars and the maxillary lateral in-
cisors (the permanent teeth most often missing) generally
would not be the first teeth chosen for extraction. Primary
teeth should be extracted to promote drift of permanent
teeth for space closure only after consultation with a spe-
cialist. These patients will require comprehensive treat-
ment during adolescence.

The second premolars have a tendency to form late
and may be thought to be missing, only to be discovered to
be forming at a subsequent visit. Good premolars seldom
form after the child is 8 years of age. If the space, profile,
and jaw relationships are good, it is possible to extract the
primary second molars at age 7 to 9 and allow the first mo-
lars to drift mesially (Figure 14-28, A and B). The mesial
drift of the posterior teeth, along with some distal drift of
the anterior teeth, can produce partial or even complete
space closure. Unfortunately, the amount and direction of
the drift vary (Figure 14-28, C through H). Early extrac-
tion can reduce the treatment time, but comprehensive or-
thodontic treatment is usually needed for completion of
treatment. 21

When permanent lateral incisors are missing and space
closure is desired, it helps if the primary lateral incisors are
replaced by the permanent canines. When this process is
occurring naturally, little immediate attention is necessary
at that stage. Sometimes, the absence of lateral incisors
causes a large diastema to develop between the permanent
central incisors. To maximize mesial drift of the erupting
permanent canines, this diastema should be closed and re-
tained as described above (Figure 14-29). Before the first
premolars erupt, the primary canines should be extracted if
they are not resorbing, so the premolars can migrate into
the canine positions and other posterior teeth can move
mesially and close space (Figure 14-30). In this situation
also, comprehensive orthodontic treatment, recontouring
of the anterior teeth, and resin build-ups to improve es-
thetics are necessary to complete the treatment (Figure 14-
31), but the amount of treatment and treatment length can
be greatly reduced by timely removal of primary teeth.

In patients with a congenitally missing tooth or teeth
in one area but crowding in another, autotransplantation
also is a possible solution. Teeth can be transplanted from
one position to another in the same mouth, with a good
prognosis for long-term success if done when the trans-
planted tooth has approximately one half of its root
formed. This means that the decision for autotransplanta-
tion must be made during the mixed dentition. This tech-
nique is most commonly used to move premolars into
location of missing incisors. A combination of careful sur-
gical intervention and positioning of the transplant, fol-
lowed by light orthodontic forces to achieve final tooth po-
sition, and restorative treatment to recontour the crown of
the transplanted tooth, can result in long-term functional
and esthetic success (Figure 14-32). 22

Text continued on p. 470.
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FIGURE 14-28 	Mi	 ing second premolars can be treated by extraction of prim.In - second
molars to allow drifting of the permanent teeth and spontaneous space closure. A, This patient
has ectopic eruption of the permanent maxillary first molar and a missing permanent maxillary
second premolar. Since there was no other evidence of a malocclusion, the primary molar was
extracted and B, the permanent molar drifted anteriorly and closed the space during eruption.
This eliminates the need for a prosthesis at a later date. C and D, Another patient has bilater-
ally missing permanent mandibular second premolars, and the decision was made to extract the
retained primary molars to allow as much spontaneous drift and space closure as possible be-
fore full appliance therapy. E and F, There was drift of the posterior teeth anteriorly and drift
of the anterior teeth distally, but the space did not completely close. This pattern of drift is
highly variable and unpredictable. G and H, The residual space was closed and the roots par-
alleled with full appliances.



FIGURE 14-29

	

Missing permanent lateral incisors often allow a large diastema to develop between
the permanent central incisors. A, This patient has that type of diastema, and the unerupted permanent
canines will be substituted for the missing lateral incisors. B, This radiograph shows the unerupted ca-
nines in an excellent position for substitution for the lateral incisors. C, The diastema has been closed to
obtain maximum mesial drift of the canines. D, This technique enables the canines to erupt closer to their
final position and eliminates unnecessary tooth movement during full appliance therapy.

468

FIGURE 14-30

	

Selective removal of primary teeth when permanent maxillary lateral incisors are miss-
ing can lead to a shortened second phase of fully banded treatment. A and B, This patient had primary ca-
nines and first molars extracted to maximize the mesial drift of the permanent posterior teeth. C and D, This
intervention resulted in good tooth position that will require little fixed appliance therapy to complete.
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When permanent maxillary lateral incisors are missing, the permanent ca-
nines can be substituted for the missing incisors. A, This patient has missing lateral incisors and
anterior irregularity. B, The permanent canines were substituted for the lateral incisors, the ex-
cess space closed, and resin was added to the canines to alter their morphology so they would re-
semble the missing lateral incisors.

FIGURE 14-32

	

This patient demonstrates the utility of autotransplant procedures. A, The perma-
nent maxillary right central incisor is located high in the maxilla and inverted. Conventional exposure of
the tooth followed by orthodontic traction would require an extended treatment time and could result in
a gingival defect if the tooth perforated the mucosa while being moved through the vestibule. B, The
tooth has been surgically transplanted and a ligature attached so traction can begin. Note that root for-
mation has continued. C, The tooth in final position after orthodontic traction with reasonable root
length, good periodontal health, and physiologic mobility.
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ERUPTION PROBLEMS

Supernumerary Teeth
Supernumerary teeth can disrupt both the normal eruption

of other teeth and their alignment if and when they do

erupt. Treatment is aimed at extraction of the supernumer-

aries before problems arise, or at minimizing the effect if

other teeth have already been displaced.

The most common location for supernumerary teeth is

the anterior maxilla. These teeth are often discovered on a

panoramic or occlusal radiograph when a child is about 6 to

7 years of age, either during a routine examination or when

permanent incisors fail to erupt. The simple cases are those

in which a single supernumerary tooth is present and su-

perficially located. If the tooth is not inverted, it will often

erupt before the normal tooth and can be extracted before

it interferes with the adjacent teeth. In a few instances,

multiple supernumerary teeth will be located superficially,

and uncomplicated extractions can be performed without

interfering appreciably with the normal teeth.

As a general rule, the more supernumeraries that are

present, the more abnormal their shape and the higher

their position, the harder it will be to manage the situation.

Several abnormal supernumeraries are likely to have dis-

turbed the position and eruption timing of the normal

teeth before their discovery, and tubercle teeth are unlikely

to erupt (Figure 14-33). Extractions should be completed

as soon as the supernumerary teeth can be removed with-

out harming the developing normal teeth. The surgeon

may wish to delay intervention until continued root devel-

opment has improved the access for extraction and prog-

nosis for the teeth that will remain. This is a reasonable ap-

proach, but the earlier the supernumeraries can be re-

moved, the more likely that the normal teeth will erupt

without further treatment. Conversely, the later the extrac-

tion, the more likely that the remaining normal teeth will

need surgical exposure, orthodontic traction, or both to

bring them into the arch.

Managing the Sequela of Delayed Eruption
Delayed Incisors. Some evidence indicates that

changes in the overlying keratinized tissue occur in long-

standing edentulous regions.
24

These changes contribute

to slow eruption of an incisor after the supernumerary

tooth blocking it and the overlying bone have been re-

moved. If the delayed incisor is located superficially, it can

be exposed with a simple soft tissue incision and usually will

erupt rapidly (Figure 14-34). When the tooth is more

deeply positioned, the adjacent tissue can be repositioned

and the crown exposed, which usually leads to normal erup-

tion. If there is further delay, traction can be applied to the

exposed crown using a bonded attachment and fixed appli-

ances (Figure 14-35).

If it is likely that unerupted teeth displaced by a super-

numerary will have to be moved orthodontically, because

of the distance they have been displaced or for other rea

sons, an attachment should be bonded to each unerupted

tooth as it is exposed. Then a wire ligature or (better) a pre-

cious metal chain is attached to the bracket and extended

out of the tissue so traction can be applied using a fixed ap-

pliance. Attachments sometimes are difficult to bond be-

cause of contamination of the tooth surface by saliva and

hemorrhage, but the alternative approach of looping a wire

FIGURE 14-33

	

Multiple supernumerary teeth in the maxilla are often the cause
of spacing and delayed eruption of anterior teeth. A, This patient has an exception-
ally wide diastema and delayed eruption of the maxillary lateral incisors. B, The
panoramic radiograph reveals three supernumeraries of various shapes and orienta-
tions. Conical and noninverted supernumeraries usually erupt, whereas tubercle
shaped and inverted ones do not. C, The supernumeraries were removed, the
diastema closed, and the remaining permanent teeth aligned with fixed appliances
after they erupted.
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around the cervical part of the crown requires more exten-
sive bone removal and can compromise the ultimate health
of the periodontal attachment.

A removable appliance can be used to produce the trac-
tion, but even though the appliance uses the palate as an an-
chorage source, tooth movement can be difficult to control
and patient compliance is critical. A fixed appliance is much
more efficient.

To obtain the necessary anchorage, a fixed appliance to
bring an unerupted tooth into the arch should extend from
molar to molar, attaching to as many other teeth as feasible,
which during the mixed dentition years may mean some
primary molars and canines. Before the unerupted tooth is
clinically visible, the extruding force can be delivered by an
elastomeric module, helical cantilever spring, or NiTi aux-
iliary (piggyback) wire. Any of these devices can be ex-
tended from a relatively stiff arch wire to the attachment on

the unerupted tooth. Elastomeric materials produce a force
that is relatively high initially but decays rapidly, so theo-
retically they are less desirable than springs that produce
light continuous force. Despite this, because a displaced
permanent tooth often is high in the vestibule, the ineffi-
cient but nonbulky elastomeric modules are often less irri-
tating than springs and are an excellent starting point.

The best option at present often is to use the flexibil-
ity of the new superelastic arch wires (A-NiTi) while sta-
bilizing across the edentulous area with another stiffer
wire to control the reciprocal forces. This is accomplished
by tying the superelastic wire over the base arch wire ex-
cept in the area of the unerupted tooth, and deflecting it
gingivally there to provide the traction (Figure 14-36)
(see also Chapter 16). This combination of wires offers a
simple and efficient method for moving unerupted teeth.
Final root positioning can be achieved either in the mixed

FIGURE 14-34

	

Overlying soft tissue may be the cause of de-
layed eruption after surgical intervention to remove primary or
supernumerary teeth. A, This unerupted permanent maxillary left
central incisor is covered by only soft tissue. B, Removal of a lim-
ited amount of the tissue while maintaining a band of keratinized
tissue on the facial area (C) usually results in rapid eruption.

FIGURE 14-35

	

Uncrupted canines sometimes require surgi-
cal exposure and traction to bring them into position in the den-
tal arch. A, Initial traction with an elastomeric chain; B, tooth
movement is continued using a continuous arch wire; C, the ca-
nine in final position.
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FIGURE 14-36

	

Traction to reposition unerupted permanent
teeth can be applied by a variety of mechanisms. One of the most
effective is a superelastic (A-NiTi) auxiliary wire in conjunction
with a heavy stabilizing arch wire. The flexible superelastic wire is
displaced apically to provide light continuous force, while the
heavy arch wire tied into other brackets stabilizes the adjacent
teeth as a unit and eliminates the reactive tipping movements.
The coil spring to open space for the unerupted tooth can be re-
moved after adequate space is created.

dentition or left until a second stage of treatment during
the permanent dentition if one is anticipated.

Recently, it has been suggested that a magnet could be
bonded to an unerupted tooth, so magnetic attraction
could be used to move the tooth without the necessity of a
ligature physically tying it to an appliance. The second
magnet to provide the attractive force could be incorpo-
rated into a removable appliance or attached to an arch
wire.25,26 This method appears to have great promise for
the future, as more powerful magnets that are safe to use in-
traorally are developed.

When force of any appreciable magnitude is applied,
the unerupted tooth should begin to move. Failure to move
indicates ankylosis. Sometimes a small bridge of bone is all
that is preventing movement, and further surgical inter-
vention (gentle luxation-see Chapter 16) can be helpful.

Delayed First Molars.

	

Ectopic eruption, usually of a
permanent maxillary first molar, also can be a cause of de-
layed eruption. If it is not possible to place a brass wire or
separating spring (see Chapter 13), or if greater distal
movement of the unerupted permanent first molar is re-
quired and access can be gained to the occlusal surface of
the molar, a simple fixed appliance can be fabricated to
move the molar distally. The appliance consists of a band
on the primary molar (which can be further stabilized with
a lingual arch) with a soldered 28 mil helical spring at-
tached (Figure 14-3 7). A ledge of resin or a metal button is
bonded to the permanent molar's occlusal surface for en-
gagement of the spring. Alternatively, the spring can be
bonded directly to the occlusal surface, but this makes
spring adjustment difficult. Another option is to solder a
heavy wire cantilever to a band on the primary second mo-
lar and extend it distally. An elastomeric chain can be
stretched between the cantilever, and a button bonded to
the occlusal surface of the molar. Occasionally it is difficult

to bond to the partially erupted tooth because the occlusal
surface is contaminated by saliva. This may make it neces-
sary to cut a preparation in the occlusal surface of the
erupting molar so the end of the spring can lodge in the
preparation and grip the tooth. The tooth is restored fol-
lowing tooth movement.

The technique detailed above can be extremely valu-
able as a means to disengage the erupting permanent tooth
and retain the primary tooth. If the permanent molar has
caused extensive resorption of the primary molar, there may
be no choice but to extract it, and one should expect the per-
manent molar to continue to move mesially and shorten the
arch length. Unless the second premolar is missing and the
arch length is purposefully to be reduced, or unless consid-
erable mesial molar movement is tolerable and later premo-
lar extraction is planned, a distal shoe that guides the erupt-
ing molar should be placed after the extraction. Even if this
technique is used, some space has already been lost and the
permanent molar will have to be repositioned distally, using
headgear2 or another type of space regaining appliance as
described above in this chapter.

CROSSBITES OF DENTAL ORIGIN

For both posterior and anterior crossbites, the distinction
between skeletal and dental is important. Full-cusp bilat-
eral posterior crossbite is quite likely to have a skeletal
component. A unilateral posterior crossbite can be due to
maxillary or mandibular skeletal asymmetry. If multiple
teeth are in anterior crossbite, it is quite likely that the prob-
lem is a jaw discrepancy, not just displacement of teeth.
Treatment procedures for these skeletal problems during
the mixed dentition years are covered in Chapter 15.

Dental crossbites, in contrast, are due to displacement
of teeth. They usually affect only some of the teeth in an
area of the arch, as a rule are less severe so that occlusal in
terferences on closure often are present. Posterior dental
crossbite is much more likely to be due to displacement of
maxillary than mandibular teeth.

Posterior Crossbite
The apparently unilateral posterior crossbite seen fre-
quently in young children, which usually is due to mild bi-
lateral constriction of the maxillary arch that creates oc-
clusal interferences and a mandibular shift on closure, is
not a severe problem and has been discussed in Chapter 13.

When true unilateral posterior crossbite exists because
maxillary teeth are displaced, three relatively simple meth-
ods can be applied: unequal W -arches or quad helixes,
lower arches stabilized with lingual arches to support cross-
elastics to the maxillary teeth, or a removable appliance that
has been sectioned asymmetrically. All are described in
Chapter 13. A final alternative, the most elegant biome-
chanically, is to use a lingual arch activated as a one-couple
device, so that bodily movement on the anchorage side is
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FIGURE 14-37 Ectopic eruption with severe resorption may require appliance therapy.
A, This primary maxillary second molar shows severe resorption. B, If the occlusal surface of the
permanent molar is accessible, the primary molar can be banded and a 20 mil spring soldered to
the band. C, The permanent molar is tipped distally out of the resorption defect and (D) once
disengaged, is free to erupt. E and F, Another appliance to reposition an ectopically erupting
maxillary first molar is a band on the second primary molar with a soldered wire (28 mil steel)
cantilever arm. An elastomeric chain is attached from the arm to a button bonded on the ectopic
molar. Both the arm and the elastomeric attachment serve as sources of elastic force. Bonding the
button and replacing the chain, however, can be challenging.

pitted against facial tipping on the movement side (see Fig-
ure 10-44). With any of these methods, the teeth will be
tipped rather than moved bodily, which usually is satisfac-
tory in correcting dental crossbites.

Anterior Crossbite
Dental anterior crossbite usually involves only one or two
teeth that were displaced because of severe crowding.
Crossbite correction becomes possible only after space for
the teeth has been created by disking or, more frequently,
extraction of the primary canines. Although some anterior
crossbites can be treated with removable appliances as de-
scribed in Chapter 13, a fixed appliance is more effective
and is required to correct severely displaced incisors.

One of the simplest fixed appliances for this purpose
is a maxillary lingual arch with fingersprings (sometimes
referred to as whip springs). This appliance is indicated
for a very young child or preadolescent with whom com-
pliance problems are anticipated. It consists of a 36 mil
maxillary lingual arch to which 22 mil springs are soldered
(Figure 14-38). The springs are usually soldered on the
opposite side of the arch from the tooth to be corrected,
in order to increase the length of the spring and are most
effective if they are approximately 15 mm long. This
length provides exceptional flexibility and range, but oc-
casionally a spur is needed to serve as a guide wire to keep
the wires from slipping over the incisal edge of the in-
cisors. When these springs are activated properly at each
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A, An anterior crossbite caused by lingual
position of the maxillary incisors can be corrected using (B) a 36
mil lingual arch with soldered 22 mil finger springs. A guide wire
can be placed between the incisors as shown here to keep the
springs from moving incisallv. C, After correction, the appliance
can be modified to serve as a retainer by soldering the free ends of
the springs to the lingual arch.

FIGURE 14-39

	

Fixed appliance treatment with bonded at-
tachments and arch wires used to correct anterior crossbite and
alignment problems. A, The maxillary right lateral incisor is in
crossbite, and the other maxillary anterior teeth are malaligned.
B, The anterior teeth are bonded and the permanent first molars
banded so that an arch wire can be used to efficiently correct the
rotation and faciolingual displacement. C, The patient shows a
stable correction after retention and appliance removal.

monthly visit (advancing the spring about 3 mm), they
produce tooth movement at the optimum rate of 1 mm
per month. Overcorrection and retention are recom-
mended with this appliance. The greatest problems with
it are distortion and breakage from poor patient coopera-
tion and poor oral hygiene, which can lead to decalcifica-
tion and decay.

Another fixed appliance method to tip the maxillary
incisors forward is the use of posterior bands and anterior
bonded attachments with a round arch wire. This may be
the best choice for a somewhat older mixed dentition pa-
tient with crowding, rotations, and more permanent teeth
in crossbite (Figure 14-39). In these children, adjacent pri-
mary teeth may not be available for disking, and perma-
nent teeth need to be moved facially or apart to provide

the space specifically where it is needed. With generalized
crowding and irregularity, a flexible wire can be used to
solve both problems. If only selected teeth are at fault, a
stiffer arch wire with a superelastic "piggyback" overlay to
provide local flexibility (see Chapter 16) would be more
appropriate.

A 2 x 4 arch wire approach also can be used to pro-
vide any mix of facial tipping and lingual root torque to
bring maxillary incisors out of crossbite (see Figure 10- 40).27If the arch wire is placed with an asymmetric V -bend

with a greater moment to the incisors but is free to move
anteriorly and slide through the molar tube, the incisors
will tip facially and increase the overjet. If the arch wire is
tied back or cinched to the molars, it will provide lingual
root torque to the incisors.
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FIGURE 14-40

	

Multiple vertical positioned radiographs are required
for an adequate diagnosis of previously traumatized teeth. A, This radi-
ograph displays no periapical pathology 2 weeks after the trauma to the cen-
tral incisors, but B, this radiograph exposed at the same time from a differ-
ent vertical position shows a periapical radiolucency at the apex of the
maxillary right central incisor.

Controlling the teeth in three planes of space is much
more difficult than simply tipping them and requires care-
ful planning and excellent clinical technique. As with any
anterior crossbite correction, these teeth should be stabi-
lized for 1 to 2 months after tooth movement and can then
be released without further retention if the overbite is suf-
ficient. Patient care for the appliance is the most critical
factor during treatment.

DEEP BITE

Before treating a deep bite, it is necessary to establish its
cause. The problem may result from reduced lower face
height and lack of eruption of the posterior teeth, or from
overeruption of the anterior teeth. The possible treat-
ments attack the cause of the problem and are mutually
exclusive.

Removable biteplate appliances to reduce the overbite
can be used for patients who have less than normal eruption
of the posterior teeth (which is usually associated with re
duced face height). An anterior biteplate is incorporated
into a removable appliance so that the mandibular incisors
occlude with the plastic plane lingual to the maxillary in-
cisors. This approach prevents the posterior teeth from oc-
cluding and encourages their eruption, which may take sev-
eral months. The appliance must be worn on a full-time
basis during this phase of treatment. The posterior erup-
tion is hard to regulate, and once the proper vertical di-
mension has been established, the biteplate must continue

to be worn or the anterior teeth will erupt and the deep bite
will return.

A utility arch that incorporates molar and incisor teeth
can be used during the mixed dentition to intrude, tip, or
reposition both molars and incisors (see Figure 14-17).
This appliance is versatile and effective in reducing over-
bite by relative intrusion but it can be difficult to control
and often produces unwanted reciprocal movements (see
Chapter 10 for details of the biomechanics of the utility
arch). Molar extrusion should be expected with any incisor
change. Molar rotation often occurs, and the arch wire may
become imbedded in the buccal mucosa. A lingual arch to
reinforce the anchorage usually is needed. Like many ef-
fective orthodontic appliances, the utility arch is decep-
tively simple and must be used with considerable care.

A more challenging approach to deep bite is necessary
when the maxillary or mandibular anterior teeth have
erupted excessively. For these patients the task is to stop the
eruption (relatively intrude) or actually intrude the in-
cisors. This type of tooth movement requires light contin-
uous forces and careful management of the posterior teeth
that provide anchorage. Realistically, although bite depth
changes can be made in the mixed dentition by intrusion of
anterior teeth, intrusion is difficult to retain-even in later
phases of full appliance therapy. For this reason, intrusion
as a part of early treatment is seldom required. It is often
better to defer this treatment until the early permanent
dentition, using an intrusion arch during the first stage of
comprehensive fixed appliance therapy (see Chapter 16 for
details).
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TRAUMATIC DISPLACEMENT

A common problem that requires orthodontic interven-
tion is repositioning traumatically displaced teeth. When
teeth are treated immediately following a traumatic injury,
they are usually repositioned with finger pressure and sta-
bilized (with a light wire or nylon filament) for 7 to 10
days. At this point, the teeth usually exhibit physiologic
mobility, and the prognosis is better if they are not splinted
any longer.

For teeth that have been displaced in any direction and
are consolidated in their new position, light orthodontic
forces should allow successful repositioning. It is wise to
counsel the patient and parents to be aware that pain,
swelling, or discharge are signs of pulpal necrosis and re-
quire endodontic therapy. The larger the displacement and
the more developed the root, the more likely it is that pulp
therapy will be required. Nevertheless, any tooth can be-
come nonvital following a traumatic injury. For this reason,
follow-up periapical radiographs should be taken at various
vertical positions at 2 to 3 weeks, 6 to 8 weeks, and 1 year
post-injury to check for pathologic changes (Figure 14-40).
This is a good policy if a patient has been referred for repo-
sitioning of displaced teeth, or if a patient in active ortho-
dontic treatment sustains trauma.

If the teeth have been displaced vertically, it is best to
begin traction as soon as possible (Figure 14-41). All se-
verely intruded teeth with mature apices become nonvi
tal.28 Early repositioning is critical to reduce the chance of
ankylosis, improve access for endodontics, and complete
the diagnosis; crown and root fractures can remain undi-
agnosed even following extensive radiographs. Within 2
weeks of the injury, the tooth should have been moved
enough to allow endodontic access-ideally, it would be
at or near the pre-trauma position. Pulp therapy is best

i nstituted within 2 weeks to reduce the possibility of re-
sorption.29

The methods used to reposition teeth displaced by
supernumeraries (see earlier in this chapter) are equally
applicable to teeth that were intruded by trauma. The hall
marks of good treatment are tissue compatibility, good
hygiene, appropriate (light) forces, and efficient use of the
appliance. After the tooth has been fully erupted, it can be
retained and finally positioned. If further tooth movement
will be needed during a second stage of comprehensive
treatment, calcium hydroxide can be retained in the pulp
chamber until active tooth movement is completed as a
hedge against resorption.

Teeth with extrusion luxation injuries that were not
immediately reduced pose a difficult problem. These teeth
have reduced bony support and a poor crown root ratio. At
tempts to intrude them result in bony defects between the
teeth, so orthodontic intrusion is not a good plan. When
the discrepancy is minor to moderate, reshaping the tooth
by crown reduction may be the best plan (Figure 14-42).

FIGURE 14-41

	

Early traction following intrusion of perma-
nent teeth is critical to complete the diagnosis, prevent ankylosis,
and ensure adequate endodontic access if necessary.

FIGURE 14-42

	

A, This patient had extrusive displacement injuries to the permanent
incisors. B, Because it is difficult to intrude these teeth and eliminate the subsequent bony
defect, the crowns of these teeth were reduced to provide a better crown-root ratio and
improve the appearance.



CHAPTER 14

	

Complex Nonskeletal Problems in Preadolescent Children

	

477

REFERENCES

1. Gianelly AA: One-phase versus two phase treatment, Am J
Orthod 108:556-9, 1995.

2. Kurol J, Bjerklin K: Treatment of children with ectopic
eruption of the maxillary first permanent molar by cervical
traction, Am J Orthod 86:483-492, 1984.

3. Baumrind S, Korn EL, Isaacson RJ et al: Quantitative analy-
sis of orthodontic and orthopedic effects of maxillary trac-
tion, Am J Orthod 84:384-398, 1983.

4. Hershey H, Houghton C, Burstone C: Unilateral face-bows:
a theoretical and laboratory analysis, Am J Orthod 79:229-
249, 1981.

5. Cetlin NM, Ten Hoeve A: Nonextraction treatment, J Clin
Orthod 17:396-413, 1983.

6. Dahlduist A, Gebauer U, Ingervall B: The effect of a
transpalatal arch for correction of first molar rotation, Fur
J Orthod 18:257-267, 1996.

7. Byloff FK, Darendeliler MA: Distal molar movement using
the pendulum appliance, part 1: Clinical and radiographic
indications, Angle Orthod 67:249-60, 1997.

8. Gianelly AA, Bednar J, Dietz VS: Japanese NiTi coils used to
move molars distally, Am J Orthod 99:564-6; 1991.

9. Bondemark L, Kurol J: Molar distal movement with magnets
Class II correction with magnets and superelastic coils fol-
lowed by straight-wire mechanotherapy: occlusal changes
during and after dental therapy, J Orofac Orthop 59:127-
38,1998.

10. McInaney JB, Adams RM, Freeman M: A nonextraction
approach to crowded dentitions in young children: early

recognition and treatment, J Am Dent Assoc 101:252-257,
1980.

11. Lutz HD, Poulton D: Stability of dental arch expansion in
the deciduous dentition, Angle Orthod 55:299-315, 1985.

12. Bench RW, Gugino CF, Hilgers JJ: Bioprogressive therapy,
part VIII, J Clin Orthod 12:279-298, 1978.

13. McNamara JA, Brudon W: Orthodontic and orthopedic
treatment in the mixed dentition, Ann Arbor, Mich., 1995,
Needham Press.

14. Owen A: Morphologic changes in the sagittal dimension
using the Frankel appliance, Am J Orthod 80:573-603, 1981.

15. Ten Hoeve A: Palatal bar and lip bumper in nonextraction
treatment, J Clin Orthod 272-91, 1985.

16. Osborn WS, Nanda RS, Currier GF: Mandibular arch
perimeter changes with lip bumper treatment, Am J Orthod
99:527-532, 1991.

17. O'Donnell S, Nanda RS, Ghosh J: Perioral forces and dental
changes resulting from mandibular lip bumper treatment,
Am J Orthod. 113:247-55,1998.

18.

	

Dewel B: A critical analysis of serial extraction in orthodon-
tic treatment, Am J Orthod 45:424-455, 1959.

19. Edwards J: The diastema, the frenum and the frenectomy: a
clinical study, Am J Orthod 71:489-508, 1977.

20. Cronin RJ Jr, Oesterle LJ: Implant use in growing patients:
Treatment planning concerns, Dent Clin North Am 42:
1-34,1998.

21. Joondeph D, McNeill R: Congenitally absent second pre-
molars: an interceptive approach, Am J Orthod 59:50-66,
1971.

22. Paulsen HU, Andreasen JO, Schwartz O: Pulp and peri-
odontal healing, root development and root resorption sub-
sequent to transplantation and orthodontic rotation: a long
term study of autotransplanted premolars, Am J Orthod
108:630-40,1995.

23. Primosch R: Anterior supernumerary teeth assessment and
surgical intervention in children, Pediatr Dent 3:204-215,
1981.

24. DiBase D: Mucous membrane and delayed eruption, Trans
Br Soc Study Orthod 56:149-158, 1969-70.

25. Vardimon AD, Graber TM, Drescher D, Bourauel C: Rare
earth magnets and impaction, Am J Orthod Dentofac
Orthop 100:494-512, 1991.

26. Bondemark L, Kurol J, Hallonsten AL, Andreasen JO: Ex-
trusion with magnets. Attractive magnets for orthodontic
extrusion of crown-root fractured teeth, Am J Orthod
112:187-93,1997.

27. Isaacson RJ, Rebellato J: Two-couple orthodontic appliance
systems: torquing arches, Sem Orthod 1:31-36, 1995.

28. Andreasen JO, Andreasen FM: Textbook and color atlas
of traumatic injuries to the teeth, ed 3, Copenhagen, 1994,
Munksgaard.

29. Turley PK, Crawford LB, Carrington KW. Traumatically
intruded teeth, Angle Orthod 57:234-44, 1987.



CHAPTER

Treatment of Skeletal Problems
in Preadolescent Children
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Facial asymmetry and post-trauma orthopedics

Whenever a jaw discrepancy exists, the ideal solution
is to correct it by modifying the child's facial growth, so
that the skeletal problem is corrected by more growth of
one jaw than the other (Figure 15-1). Unfortunately, such
an ideal solution is not always possible, but growth modi-
fication for skeletal problems can be quite successful.

Treatment planning for skeletal problems has been
discussed extensively in Chapter 8. The emphasis there is
on new research that both confirms the possibility of chang
i ng the way the jaws grow and emphasizes the variability of
the results and the relatively modest changes that often are
produced. In this chapter, we assume that an appropriate
treatment plan has been developed, using the guidelines
from the previous chapters. The focus is on the clinical use
of growth modification methods in preadolescent children.
The development of functional appliances to guide jaw

growth, and the various components that can be incorpo-
rated into these appliances, are covered in detail in Chap-
ter 11. The development of headgear-the other major
method for Class 11 treatment-is reviewed in this chapter,
along with other fixed appliances for growth modification.

Growth modification, through either a functional ap-
pliance or extraoral force, is aimed at the maxillary sutures
and/or the mandibular condyles. Usually this is accom
plished by applying forces directly to the teeth and secon-
darily and indirectly to the skeletal structures, instead of ap-
plying direct pressure to the bones. Tooth movement, in
addition to any changes in skeletal relationships, is in-
evitable. It is possible now to apply force directly against the
bone by using natural implants (ankylosed teeth) that can be
removed later or temporary osseointegrated implants (see
Chapter 9). This approach is likely to be used more and
more in the future because the dental changes that accom-
pany growth modification often (but not always) are unde-
sirable. Excessive tooth movement, whether it results from
a weakness in the treatment plan, poor biomechanical con-
trol, or poor compliance, can cause growth modification to
be incomplete and unsuccessful. Successful growth modifi-
cation must consider and account for treatment effects on
the dentition, as well as the skeletal structures.

The material in this chapter is organized in the context
of the child's major skeletal problem, because that is the
most logical way to do it. In some cases that provides a pre
cise description-the upper or lower jaw is clearly at fault
because of its position and size, and the malocclusion is al-
most totally due to the jaw discrepancy. More frequently,
Class 11 or Class III malocclusions are caused by several sub-
tle deviations from the normal, some skeletal and some den-
tal. In such cases, the therapy must be based on the solutions
to that specific patient's set of problems. In particular, den-
tal changes that would be unwanted side effects in some pa-
tients can be quite helpful in others-and vice versa. For this
reason, the secondary as well as the primary effects of the
various appliances are reviewed in detail in this chapter.
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FIGURE 15-1

	

A-C, At age 11-10, this boy sought treatment because of trauma to his protruding
front teeth and for correction of the crowding that was developing in the upper arch, where there was
no room for the permanent canines. Skeletal Class 11 malocclusion, due primarily to mandibular defi-
ciency, was apparent. Because of the damaged maxillary central incisors (one of which had a root frac-
ture), the treatment plan called for cervical headgear to promote differential mandibular growth and
create space in the maxillary arch. D, Fifteen months of headgear during the adolescent growth spurt
produced significant improvement in the jaw relationship with differential forward growth of the
mandible and created nearly enough space to bring the maxillary canines into the arch. E-F, A partial
fixed appliance was placed, staying off the traumatized maxillary incisors until the very end of treatment,
and light Class 11 elastics off a stabilized lower arch were used.

	

continued
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FIGURE 15-1, Cont'd

	

G-1, The 15-month second stage of treatment produced excellent dental
relationships, but note in the cephalometric superimposition of changes in phase 2 (J) that minimal fur-
ther anteroposterior growth occurred. This illustrates the importance of starting growth modification
treatment in the mixed dentition prior to eruption of all permanent teeth.
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THE TIMING OF GROWTH
MODIFICATION

TREATMENT OF MANDIBULAR DEFICIENCY

Whatever the type of appliance that is used or the kind of
growth effect that is desired, if growth is to be modified, the
patient has to be growing. Growth modification must be
done before the adolescent growth spurt ends. In theory, it
could be done at any point up to that time. The ideal tim-
ing remains somewhat controversial, but recent research
has clarified the indications for treatment at various ages.
This material is discussed in detail in Chapter 8 and is
briefly reviewed and summarized here.

Because of the rapid growth exhibited by children dur-
ing the primary dentition years, it would seem that treat-
ment of jaw discrepancies by growth modification should
be successful at a very early age. The rationale for treat-
ment at ages 4 to 6 would be that because of the rapid rate
of growth, significant amounts of skeletal discrepancy
could be overcome in a short time. This implies that once
discrepancies in jaw relationships are corrected, proper
function will cause harmonious growth thereafter without
further treatment.

If this were the case, very early treatment would be
advocated for many skeletal discrepancies. Unfortunately,
although most anteroposterior and vertical problems can
be treated during the primary dentition years, relapse oc-
curs because of continued growth in the original dispro-
portionate pattern. If children are treated very early, they
usually need further treatment during the mixed dentition
and again in the early permanent dentition to maintain the
correction. 1

The opposite point of view would be that, since treat-
ment in the permanent dentition will be required anyway,
there is no point in starting treatment until then. Delaying
treatment that long has two potential problems: (1) by the
time the canines, premolars and second molars erupt there
may not be enough growth remaining for effective modi-
fication, especially in girls; and (2) the child would be de-
nied the psychosocial and functional benefits of treatment
during an important period of development. It now is clear
that a child can benefit from treatment during the pread-
olescent years if esthetic and the resultant social problems
are substantial, if he or she is trauma prone, or if other spe-
cific indications exist (e.g., extreme severity, combined
vertical and anteroposterior problems, asymmetry, history
of trauma, etc.)-see Chapter 8. On the other hand, it
seems to be neither necessary nor desirable to routinely
begin treatment for moderately severe skeletal problems
until the adolescent growth spurt, which often coincides
with the eruption of the remaining permanent teeth. Be-
ginning treatment too soon merely prolongs it unneces-
sarily. For each patient, the benefits of early treatment
must be considered against the risk and cost of prolonging
the total treatment period.

Possible Approaches to Treatment
In theory, functional appliances stimulate and enhance
mandibular growth, while headgear retards maxillary
growth-so functional appliances would seem to be an ob-
vious choice for treatment of mandibular deficiency, and
headgear an equally obvious choice for maxillary excess. As
a general rule this is correct, but the distinction between
the two appliance systems and the indications for their use,
are not as clear-cut as the first sentence would imply.

In functional appliance treatment, additional growth is
supposed to occur in response to the movement of the
mandibular condyle out of the fossa, mediated by reduced
pressure on the condylar tissues or by altered muscle ten-
sion on the condyle (Figure 15-2). Although an accelera-
tion of mandibular growth often occurs, a long-term
increase in size is difficult to demonstrate (see Figure 8-24).
An effect on the maxilla, although small, is almost always
observed along with any mandibular effects. When the

FIGURE 15-2

	

The side effects of functional appliance ther-
apy for correction of a Class II skeletal malocclusion are illus-
trated here. The most desirable and variable effect is for the
mandible to increase in length as shown by the open arrow, pos-
sibly repositioning the TM fossa by apposition. The "headgear ef-
fect" restrains the maxilla and the maxillary teeth, and mandibu-
lar repositioning often creates forces against the lower teeth that
cause anterior movement of the mandibular dentition. The direc-
tion in which mandibular growth is expressed, forward and/or in-
feriorly, is most related to the eruption of the molars.
If the molars erupt more than the ramus grows in height (dashed
arrows), the forward mandibular change will be negated and the
Class 11 malocclusion will not improve.
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FIGURE 15-3

	

This child was treated with a functional appliance in an effort to correct
the Class 11 malocclusion by changing the skeletal relationships. A, Pre-treatment profile;
B, post-treatment profile; C, cephalometric superimposition. Note that the major skeletal
change seen in the cranial base superimposition is the restriction of forward change of the
maxilla. This "headgear effect" is observed in most functional appliance treatment that an-
teriorly positions the mandible. Note also the differential eruption of the lower molars and
forward movement of the lower teeth.
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mandible is held forward, the elasticity of the soft tissues
produces a reactive force against the maxilla, and restraint
of maxillary growth often occurs (Figure 15-3). In the
Florida clinical trial (see Chapter 8), where the effects of a
bionator were compared with headgear with a biteplate, the
anteroposterior effects on the maxilla were similar. 2 More
generally, functional appliances show a greater effect on the
mandible, 3 especially in the short term, but produce some
restraint of maxillary growth as well.

Functional appliances and headgear do differ in their
effects on the dentition. Headgear force against the mo-
lar teeth often tips them distally but usually has little ef
fect on other teeth. Functional appliances, especially the
tooth-borne ones, often place a distal force against the
upper incisors that tends to tip them lingually. This can
be substantial. For removable appliances, it depends on
how the relationship between the labial bow and the an-
terior teeth is handled and, for fixed functionals, on which
anterior and posterior teeth are included in the anchor-
age units through supplementary bonding or banding. In
addition, most functional appliances exert a protrusive
effect on the mandibular dentition because the appliance
contacts the lower teeth, and some of the reaction force
from forward posturing of the mandible is transmitted to
them. With the fixed functional appliances (e.g., Herbst,
bonded twin block), usually there is greater dental
change due to the continuous forces. These appliances
create more protrusion of mandibular incisors than re-
movable functionals and, in the case of the Herbst, max-
illary posterior dental intrusion and more maxillary den-
tal retrusion.4,5,6

The combination of maxillary dental retraction and
mandibular dental protrusion that all functional appli-
ances create is similar to the effect of interarch elastics.
This "Class II elastics effect" can be quite helpful in chil-
dren who have maxillary dental protrusion and mandibu-
lar dental retrusion in conjunction with a Class II skeletal
problem, but the same effect is deleterious in patients who
exhibit maxillary dental retrusion or mandibular dental
protrusion. Mandibular dental protrusion usually con-
traindicates functional appliance treatment.

Functional appliances also can influence eruption of
posterior and anterior teeth. It is possible to level an exces-
sive curve of Spee in the lower arch by blocking eruption of
the lower incisors while leaving the lower posterior teeth
free to erupt. If upper posterior teeth are prohibited from
erupting and moving forward while lower posterior teeth
are erupting up and forward, the resulting rotation of the
occlusal plane and forward movement of the dentition will
contribute to correction of the Class 11 dental relationship.
This is another effect of most functional appliance treat-
ment for Class II problems (Figure 15-4).7

It is important to keep in mind that eruption of pos-
terior teeth in a mandibular deficient patient is beneficial
only when good vertical growth is occurring. More erup-

FIGURE 15-4

	

To facilitate Class 11 correction, the mesial and
vertical eruption of the mandibular molar can be used advanta-
geously. The upward and forward movement will improve the
molar relationship and establish the posterior occlusal plane at the
higher level.

tion of posterior teeth than growth of the ramus causes
mandibular growth to be projected more downward than
forward. In patients who have a tendency toward vertical
rather than anteroposterior growth even without treat-
ment, further posterior eruption must be prevented to
avoid growth being expressed entirely vertically (Figure
15-5). The special problems created by excessive vertical
growth are discussed later in this chapter.

The other possible treatment for a mandibular defi-
ciency is to restrain growth of the maxilla with extraoral
force (Figure 15-6) and let the mandible, continuing to
grow more or less normally, catch up (Figure 15-7). Some
evidence indicates that patients who wear headgear to the
maxilla exhibit more mandibular growth than untreated
Class 11 children, but generally the findings have indicated
that mandibular change measured against controls is not
significant.

On balance, despite the maxillary skeletal and dental
effects that go along with any enhancement of mandibular
growth, functional appliances usually are preferred for
mixed dentition treatment of mandibular deficiency. The
types of functional appliances and their components are de-
scribed in Chapter 11. In the sections below, we discuss
treatment procedures in using them clinically.

Treatment Procedures
with Functional Appliances

Pretreatment Alignment. After treatment goals
have been established and the decision has been made to
use a functional appliance, the incisor position and rela
tionships should be carefully examined. Because func-
tional appliances for the treatment of mandibular defi-
ciency require the mandible to be held in a protruded
position to have a treatment effect, the patient's ability to
posture forward at least 4 to 6 mm (i.e., to a reasonably
normal mandibular position) is critical. Most mandibu-
larly deficient children have a large overjet and can do this
readily, but in some cases incisor interferences prevent the
mandible from being advanced to the correct position for
the bite registration. The problem can be either lingual
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A poor response to Class 11 functional appliance treatment. A, Pre-treatment
profile; B, post-treatment profile; C, cephalometric superimpositions. Note that before treat-
ment the child had a tendency toward increased lower face height and a convex profile. The
cranial base superimposition indicates that the mandible rotated inferiorly and backward be-
cause of excessive eruption of the lower molar, which further increased the lower face height
and facial convexity. Note in the mandibular and maxillary superimpositions the anterior
movement of the lower incisors, and the retraction of the upper incisors, neither of which
was desirable.
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FIGURE 15-6

	

A Kloehn-type headgear appliance. This ap-
pliance uses a cervical neckstrap and a facebow to produce distal
force on the maxillary teeth and maxilla, is aimed at altering max-
illary size and position.

displacement of the upper incisors (a Class 11, division 2
incisor pattern) or irregular and crowded incisors in
either arch. (It must be kept in mind that facial displace-
ment of the lower incisors, which would be produced by
aligning crowded lower incisors, contraindicates func-
tional appliance treatment).

For both the Class 11, division 2 patient with limited
overjet and the Class II, division 1 patient with crowded
and irregular incisors, the first step in treatment is to tip the
upper incisors forward and/or align them (Figure 15-8). Ei-
ther fixed or removable appliances can be used for this pur-
pose, depending on the type and magnitude of tooth move-
ment required. This creates overjet so that an appropriate
working bite can be obtained with the mandible positioned
anteriorly and inferiorly to correct the horizontal and ver-
tical deficiency. To control their tendency to relapse lin-
gually, the repositioned incisors should be held in place for
several months before the active functional appliance ther-
apy begins.

Impressions and Working Bite. The next step in
the use of a removable functional appliance is to make im-
pressions of the upper and lower arches and register the de
sired mandibular position, the "working bite." The im-
pression technique depends on the appliance components
that will be used (see Chapter 11). Good reproduction of
the teeth and an accurate representation of the area where
the lingual pads or flanges will be placed are mandatory. If
buccal shields or lip pads are to be used, it is important not
to overextend the impressions so that tissue is displaced,

because this makes it difficult or impossible to accurately
locate the appliance components in the vestibule. Improper
location of the components leads to long-term soft tissue
irritation, discomfort, difficulty in appliance adjustment,
and poor patient compliance (Figure 15-9).

The working bite is obtained with multiple layers of
a wax hard enough to maintain its integrity after cooling
to room temperature. The patient's preliminary record
casts can be used to trim the wax to a size that will regis-
ter all posterior teeth, while not covering the anterior
teeth (Figure 15-10). With the anterior teeth exposed,
the position of the mandible easily can be judged while
the bite is being taken. Care must be exercised to avoid
any soft tissue interference with the wax, which will de-
flect the mandible or interfere with closure. This is most
likely to occur in the retromolar pad region. If such an in-
terference is not detected, the finished appliance will not
seat correctly. At best, this will require reduction of the
posterior plastic stops if they were integrated into the de-
sign. At worst, a new bite registration and appliance will
be necessary.

The working bite for a Class II patient is obtained by
advancing the mandible forward to move the condyles out
of the fossa. Unless an asymmetry is to be corrected, the
mandible should be advanced symmetrically so that the
midline relationships do not change appreciably. We rec-
ommend a 4 to 6 mm advancement, but always one that is
comfortable for the patient and does not move the in-
cisors past an edge-to-edge incisor relationship. From a
scientific perspective it appears that quite large, modest,
or relatively small advancements all can produce growth
modification, and that there is little difference between
the results. 8

The practical reason for recommending this modest
advancement is greater patient comfort than with large
advancements, which leads to better patient compliance
without the need for as many appliance adjustments as
smaller advancements would require.

When the mandible is advanced, the bite also must be
opened. There must be enough space for the laboratory
technician to place wire and plastic between the teeth to
connect major components of the appliance and construct
occlusal and incisor stops. The minimal posterior opening
to achieve the vertical space is about 3 to 4 mm. If dental
changes from differential eruption are not a major part of
the desired treatment response, wire occlusal stops (as in
the Frankel appliance) can be used at this minimal opening.
Interocclusal stops or facets to guide eruption, as in most
activators and bionators, usually require 4 to 5 mm of pos-
terior separation to be effective. If eruption of upper and
lower posterior teeth is to be limited, as in a child with ex-
cessive vertical face height (see further discussion later in
this chapter), the working bite should be taken with the pa-
tient open 2 to 3 mm past the resting vertical dimension
(i.e., 5 to 6 mm total opening in the molar region), so that



486

	

SECTION VI

	

Treatment of Orthodontic Problems in Preadolescent Children

FIGURE 15-7

	

Headgear is sometimes used for patients with mandibular deficiencies.
Facial appearance before (A) and after (B) treatment using headgear and Class 11 elastics;
(C) cephalometric superimpositions of the treatment effects. This patient showed restric-
tion of maxillary growth and some impressive mandibular growth, combined with distal
movement of the upper teeth and mesial movement of the lower teeth, which were ac-
companied by posterior eruption.
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FIGURE 15-8

	

A, For this girl with a Class II division 2 mal-
occlusion, it was impossible to take the bite registration for a
functional appliance until the maxillary incisors were tipped
facially; B, Although this change was made with a removable
maxillary appliance with finger springs until recently, the pre-
functional alignment now often can be accomplished more effi-
ciently with a partial fixed appliance, as here; C, Same patient
four months later, with a deep bite bionator in place after repo-
sitioning of the maxillary incisors was completed. It is no longer
unusual to use a period of fixed appliance treatment in prepara-
tion for removable appliance treatment, the reverse of what
might have been done not so long ago.

the soft tissue stretch against the bite blocks will produce a
continuous force opposing eruption.

In preparation for obtaining the working bite, the wax
is softened in hot water, while the child is directed to prac-
tice the working bite position. Some children can easily re
produce working bites after only a few practice tries, but
others need more opportunities and perhaps some help. It
is possible to aid these patients by constructing an index to
guide them. This is most easily accomplished by using a
stack of tongue blades with notches carved into the top and
bottom blade (see Figure 15-10, D). This guide will stop

FIGURE 15-9

	

Patient with stripping of gingival tissue facial
to the mandibular right central incisor, caused by improper place-
ment and adjustment of a lip pad on a Frankel appliance.

the bite closure at the predetermined jaw separation and
determine the anteroposterior mandibular position at the
same time. Other children can be directed very simply with
the use of a Boley gauge held near the teeth and "coaching"
(see Figure 15-10, E).

To produce the working bite, the technique follows
the steps illustrated in Figure 15-10. First, firmly seat the
softened wax on the maxillary arch so all teeth are in
dexed. Next, have the child position the mandible forward
to the correct position and close to the desired position,
paying careful attention to reproducing the previous mid-
line relationship. If a vertical stop made of tongue blades
is used, it must remain in the proper orientation. Other-
wise, as the tongue blades are inclined either inferiorly or
superiorly, the mandible will either be closed and retrude
or opened, respectively. When the correct bite has been
obtained, the wax should be cooled and removed from the
mouth. The bite should be examined for adequate dental
registration and soft tissue interferences and rechecked
for accuracy.

For the fixed (cemented, bonded, or partially fixed)
functional appliance, accurate impressions of the teeth
are essential, but extension of the impressions into the
vestibules is not important. 9 If bands or steel crowns are
used to retain a Herbst appliance (Figure 15-11), they are
usually best adapted and retained by fitting them, making
impressions over them, and then transferring them to the
laboratory casts by placing them in the impressions be-
fore pouring the casts. Bands or crowns can be fabricated
indirectly by a laboratory, but some accuracy is sacrificed.
Most clinicians have deserted bands for retention of
fixed functional appliances because they have proved to
be easily distorted and broken. Metal crowns, which are
fit without reducing the teeth; cast splints that can be
bonded; or bonded acrylic splints are more satisfactory.
The bonded splints eliminate the need to separate teeth
and therefore reduce both laboratory and clinical time.
The working bite for a Herbst appliance is similar to the
one for a removable functional appliance, typically with
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Steps for obtaining a "working bite" for functional appliance construction.
A, Multiple layers of hard wax are luted together and cut to the size of the mandibular arch. Care
must be taken not to cover the anterior teeth or extend the wax to areas of soft tissue interference.
B, The softened wax is seated on the maxillary posterior teeth and pressed into place to ensure
good indexing of the teeth. C, The mandible is guided to the correct anteroposterior and vertical
position on observation of the midline relationships and the incisal separation. D, Either stacked
tongue blades or, E, a Boley gauge can be used to control the amount of closure and help the
patient reproduce the correct bite. The wax is then cooled with air and removed for inspection.
Definite registration of both maxillary and mandibular teeth is required for proper appliance
construction.

4 to 6 mm advancement, but remember that pretreatment
incisor positioning is just as important for these appliances.

Appliance Components and Prescriptions. The
design of a functional appliance according to the compo-
nents approach is discussed and illustrated in Chapter 11.
An appropriate appliance prescription specifies the appli-
ance components that would be most effective in solving
the patient's specific problems. Most laboratories have in-
corporated the components into a checklist format that
simplifies precise communication. It is important to have
the appliance design in mind prior to the impressions, be-
cause the impression technique is affected by what appli-
ance components are selected and where they will be
placed.

For most mandibular deficient patients, a bionator or
activator-type appliance (see Figures 11-4 and 11-5) is the
simplest, most durable, and most readily accepted appli
ance (if designed without excessively long lingual flanges,
which tend to irritate the soft tissue). Either a bionator or
an activator can include headgear tubes or bite blocks,
which provide versatility when vertical problems are en-
countered. A tongue shield is applicable in some cases but
often limits the patient's acceptance of the appliance be-
cause speaking can be difficult.

If transverse expansion of the arches is required, some
form of buccal shield, either attached to an activator or
bionator or as part of a Frankel appliance (see Figure 11-9),
is best. When buccal shields are needed, the Frankel is less
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FIGURE 15-11

	

Clinical photos of Class 11 correction with a Herbst appliance. A, Ini-
tial malocclusion; B and C, Cantilever type Herbst appliance, attached to steel crowns on
maxillary and mandibular first molars; D, Fixed appliance in place after 9 months of Herbst
treatment. Note the molar correction and spacing within the maxillary arch; E, Comple-
tion of treatment.

formidable because the acrylic part is smaller, and it is
easier to speak while wearing it, making it more acceptable
for wear during school. It is also more delicate and easily
broken, and has the potential for more soft tissue irrita-
tion. With any type of appliance, buccal shields make
simultaneous use of headgear quite difficult.

The Herbst appliance, if cemented or bonded into
place, has the advantage of full-time wear and circum-
vents some compliance problems. In spite of the fixed na
ture of the appliance, breakage can still be a problem with
aggressive patients. Although some investigators recom-
mend the Herbst appliance for the mixed dentition, l° In
long-term studies Pancherz noted substantial rebound in
the immediate post-treatment period and recommends
the Herbst appliance for the early permanent dentition,
where he finds the changes more localized to the protru-
sion of the mandible. 4 He attributes more stability to the
permanent canine intercuspation that can only be
achieved in the permanent dentition.

Clinical Management of Functional Appliances
Removable Functional Appliances.

	

When the func-
tional appliance is returned from the laboratory, it should
be checked for correct construction and fit on the working
cast. The best technique for delivery is to adjust the appli-
ance and work with the child to master insertion and re-
moval before any discussion with the parent. This enables
the child to be the full focus of attention initially and fore-
stalls the effect of comments by the parents, such as, "How
could he possibly get that thing in his mouth?"

With any functional appliance, a break-in period is
helpful. This is especially important with tissue-borne ap-
pliances like the Frankel appliance. Having the child wear
the appliance only a short time per day to begin with and in-
creasing this time gradually over the first few weeks
improves compliance later. To be effective, functional appli-
ances should be worn when growth is occurring and when
teeth are erupting. If the appliance is in place during these
hours, theoretically, one can take advantage of the skeletal
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growth and either use or inhibit the tooth eruption that is
occurring. Studies indicate that skeletal growth has a circa-
dian rhythm. Most growth occurs during the evening hours
when growth hormone is being secreted;" active eruption
of teeth occurs during the same time period, typically be-
tween 8 PM and midnight or 1 AM. 12 To take practical ad-
vantage of this time period, it is suggested that children
wear functional appliances from after the evening meal un-
til they awake in the morning, which should be approxi-
mately 12 hours per day. Waiting until bed time to insert the
appliance misses part of the period of active growth.

Wearing the appliance during the day may be advanta-
geous, but this is difficult to achieve because it begins to
impinge on school hours. The child should be informed
that speaking may be difficult for a while, but that comfort
and speaking facility will increase. Problems with speech
are greatest when there is a bulk of acrylic behind or be-
tween the anterior teeth.

A good appointment schedule is to see the child at 2
weeks after insertion for inspection of the tissues and the
appliance. If problems are reported, the child should be
recalled at 1 week. Charts for children to record their
"wearing time" are helpful, both for the data they provide
and because the chart serves as a reinforcement for the de-
sired behavior. Unfortunately, the wear time reported by
patients and actual compliance often do not coincide.' 3

If a sore spot develops, the child should be encouraged
to wear the appliance a few hours each day for 2 days be-
fore the appointment, so the source of the problem can
be determined accurately. Usually smoothing the plastic
components can be accomplished quickly. Gross adjust-
ments should be avoided, because appliance fit and purpose
can be greatly altered. For example, heavy reduction of the
lingual flanges will allow the patient to position the
mandible in a more posterior position.

Most components that occupy the vestibular area have
a high potential for irritation if overextended or oriented
improperly to the soft and hard tissues. It is not unusual to
have to trim back buccal shields at their most anterior and
posterior extent, but this should not be overdone. Lip pads
facial to the lower incisors may have to be adjusted and con-
toured during treatment to eliminate gingival irritation.

Because the initial mandibular advancement is lim-
ited to a modest 4 to 6 mm and many children require
more anteroposterior correction, a new appliance may be
needed after 6 to 12 months of wear and a favorable re-
sponse. Although a Frankel appliance can be sectioned
and adjusted to change the amount of advancement (see
Figure 11-18), the fit deteriorates, and better compliance
is obtained by just making a new appliance. It is a good
idea to reevaluate progress at 8 to 10 months after deliv-
ery with new records or at least a progress cephalometric
radiograph. If little or no change has occurred in that
time, then compliance is poor, the design is improper, or
the patient is not responding to the appliance. In any case,
a new treatment plan is needed.

Fixed Functional Appliances.

	

At insertion of the
Herbst appliance or a cemented twin block (Figure 15-12),
discussion should focus on care of the appliance and ac
ceptable mandibular movements. Because these appli-
ances are fixed, a wear schedule is not required, but some
patients initially have problems adapting to the appliance
and the forward mandibular position. It is good to warn
the patient and parents of this and assure them that ac-
commodation increases rapidly after several days. Soft tis-
sue irritation is not a major problem with the Herbst or
twin block, but the teeth may be more sensitive than with
removable functional appliances. Patients should be in-
structed that the appliance is meant to remind them to
posture the mandible forward, not to force the mandible

FIGURE 15-12

	

The twin block appliance can be used as a ce-
mented (fixed) or removable appliance. This patient had a Class
II deep bite malocclusion (A) treated with a twin block appliance
that clearly (B) opened the bite and (C) advanced the mandible.
The separate upper and lower units interdigitate via a ramp that
can be seen extending forward from the maxillary primary canine
area. The appliance often is cemented at insertion and later made
removable, as was the case here. Adjustments can be made to the
occlusal coverage and the inclines to modify eruption and the
amount of advancement.
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forward with heavy pressure on the teeth. In this sense,
sore teeth for an extended amount of time may indicate
poor cooperation.

The Herbst appliance must be carefully inspected for
breakage at each visit. After a positive treatment response
is noted, changes in the pin and tube length can be made
during treatment to increase the amount of advancement
simply by adding washer-type sleeves to the pin to restrict
insertion of the pin into the tube (see Figure 11-18). The
twin block appliance can have plastic resin added to the in-
clines to increase the advancement without totally remak-
ing the appliance. Plastic also can be removed adjacent to
the teeth to allow drift, and especially on the occlusal
surfaces to encourage eruption when that is desirable.

It is possible to make a Herbst appliance partially fixed
and partially removable. Typically, this involves a fixed up-
per and removable lower splint. In this case, the fixed and
removable parts should be carefully explained, so that the
child does not remove or loosen the appliance due to a
misunderstanding. Likewise, the twin block can be made
removable after an initial wear period.

A fixed Herbst appliance usually is worn for 6 to 8
months, at which point the desired correction should have
been obtained. If the patient is still in the mixed dentition
at that point, it is important to use a removable functional
appliance of the activator or bionator type, which should be
worn approximately 12 hours per day for a number of
months as a retainer. In the early permanent dentition, a
fixed appliance can serve to retain the changes produced
during the functional treatment. 14 The twin block can
serve as its own retainer after a 6 to 8 month fixed period,
when it can be uncemented or debonded and changed to a
removable appliance.

Treatment of Vertical Deficiency (Short Face)
Some children exhibit a skeletal vertical deficiency (short
face), almost always in conjunction with an anterior deep
bite and some degree of mandibular deficiency and often
with a Class II, division 2 malocclusion. Skeletally, the con-
dition often can be described as Class II rotated to Class 1.
The reduced face height is often accompanied by everted
and prominent lips that would be appropriate if the face
height were normal. Children with vertical deficiency can
be identified at an early age.' 5 They usually have a normal
maxilla but have decreased eruption of maxillary and
mandibular teeth. Many tend to have a low mandibular
plane angle (skeletal deep bite) and a long mandibular ra-
mus. Growth is expressed in an anterior direction, with a
tendency toward upward and forward rotation of the
mandible. The challenge in correcting these problems is to
increase eruption of posterior teeth and influence the
mandible to rotate downward without decreasing chin
prominence too much.

In a patient with Class II malocclusion, one way to cor-
rect such problems is with cervical headgear, taking advan-
tage of the extrusive tendency of extraoral force directed

below the center of resistance of the teeth and the maxilla
(Figure 15-13). The other way is to use a functional appli-
ance (with or without mandibular advancement, depending
on the anteroposterior jaw relationship) that allows free
eruption of the posterior teeth.

Because most short face children also have a Class II
malocclusion, it is important whether the eruption that oc-
curs during treatment is primarily of the upper or the lower
molars. Cervical headgear produces more eruption of the
upper molars, while eruption can be manipulated with a
functional appliance so that either the upper or lower mo-
lars erupt more. Class II correction, however, is easier if the
lower molar erupts more than the upper, which means
that-all other factors being equal-the functional appli-
ance would be preferred (Figure 15-14).

The ability of functional appliances to control eruption
of posterior teeth can be used during treatment of children
with a significant anteroposterior mandibular deficiency
and reduced face height in an effort to take maximal advan-
tage of mandibular growth by having it expressed in an an-
terior direction. First, all vertical eruption is blocked.
Then, after the anteroposterior correction is complete, a
child treated in this manner may exhibit a posterior open
bite when the appliance is not in place (Figure 15-15). At
that point, the posterior bite block gradually is cut away
while correct overbite is maintained anteriorly, so that slow
eruption of posterior teeth back into occlusion can occur.
This type of treatment places into sharp focus the interac-
tion between the anteroposterior and vertical planes of
space that must be addressed during growth modification
treatment. The priority is placed on the most severe prob-
lem. It is remedied, and then the accompanying problems
are addressed.

The fixed functional appliances tend not to be good
choices in the mixed dentition treatment of short face
problems. Certainly, the Herbst, with its propensity to in
trude the upper molars, is not an attractive option for
younger patients needing increased vertical dimensions,
even though the mandibular plane angle usually does not
change very much in Herbst treatment. 16 The twin block
does offer some options to manage posterior eruption
when the acrylic is modified during treatment.

It is appropriate to remember that eruption occurs
more rapidly in some patients than others and probably is
affected by resting mandibular posture and freeway space,
as well as the amount of appliance wear. Some short face
children show extremely rapid mandibular growth when
the bite is opened and incisor overlap is removed, even with
so simple an appliance as a bite plate. Unfortunately, this
phenomenon does not always occur, and except for the rare
patients in whom there is no mandibular deficiency, pos-
turing the mandible forward to allow the construction of a
functional appliance is the better approach. Delivery and
adjustment of a functional appliance for a vertically defi-
cient patient is similar to that already discussed under
mandibular deficiency.
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FIGURE 15-13

	

Increased vertical development in a child who initially had decreased
lower anterior face height. A, Pre-treatment profile; B, post-treatment profile; C, cephalo-
metric superimpositions. This result was accomplished by increasing the maxillary molar
eruption with a cervical pull headgear, which resulted in downward movement of the
mandible and improved facial esthetics.
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FIGURE 15-14

	

Functional appliance treatment to increase vertical development in a child
who initially had a Class 11 malocclusion and slightly decreased lower anterior face height. A, Pre-
treatment profile. Note the convexity, with equal contributions of maxillary protrusion and
mandibular retrusion, and somewhat decreased lower face height; B, Post-treatment profile, with
reduced convexity and well-balanced vertical facial proportions; C, cephalometric superimposi-
tions. The tracings indicate that the correction was accomplished by limiting anterior movement
of the maxilla while the mandible grew downward and forward. The maxillary and mandibular
superimpositions show little incisor change, in conjunction with eruption of the lower molar,
which increased the vertical facial development and aided in the Class 11 dental correction.
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FIGURE 15-15

	

Posterior bite blocks can be used with any ap-
pliance that advances the mandible, in an effort to limit posterior
eruption and take maximum advantage of growth in an antero-
posterior direction, but the desirable skeletal changes may be ac-
companied by undesirable dental effects. A, The pre-treatment
occlusal relationships; B, when the mandible is advanced, bite
blocks are incorporated to prevent posterior eruption. C, After a
phase of appliance therapy that resulted in anteroposterior
changes, there is a posterior open bite, which can be closed at that
point by reducing the plastic bite blocks.

MAXILLARY EXCESS

Excessive growth of the maxilla in children with Class II
malocclusion often has a vertical as well as an anteroposte-
rior component (i.e., there is too much downward as well
as forward growth). Both components can contribute to
skeletal Class II malocclusion, because if the maxilla
moves downward, the mandible rotates downward and
backward. The effect is to prevent mandibular growth
from being expressed anteriorly. The goal of treatment is
to restrict growth of the maxilla while the mandible grows
into a more prominent and normal relationship with it
(Figure 15-16). Although the application of extraoral force

is the obvious approach, functional appliance treatment
also can be helpful, particularly in the treatment of exces-
sive vertical growth.

Principles in the Use of Extraoral Force
The Development of Extraoral Appliances.

	

Extra-
oral force, in the form of headgear appliances very similar
to those used today, was used by the pioneer orthodontists
of the late 1800'. Both Kingsley and Angle described and
used astonishingly modern-appearing appliances of this
sort, apparently with reasonable success. As orthodontics
progressed in the early twentieth century, however, extrao-
ral appliances and mixed dentition treatment were aban-
doned, not because they were ineffective, but because they
were considered an unnecessary complication. By 1920,
Angle and his followers were convinced that Class II and
Class III elastics not only moved teeth but also caused sig-
nificant skeletal changes, stimulating the growth of one jaw
while restraining the other. If intraoral elastics could pro-
duce a true stimulation of mandibular growth while simul-
taneously restraining the maxilla, there would be no need
to ask a patient to wear an extraoral appliance, nor would
there be any reason to begin treatment until the permanent
teeth were available.

The first cephalometric evaluations of the effects of or-
thodontic treatment, which became available in the 1940s,
did not support the concept that significant skeletal
changes occurred in response to intraoral forces. A 1936
paper by Oppenheim revived the idea that headgear would
serve as a valuable adjunct to treatment. 17 However, it was

not until after World War II, when Silas Kloehn's impres-
sive results with headgear treatment of Class II malocclu-
sion became widely known, that extraoral force to the max-
illa again became an important part of American
orthodontics."' Cephalometric studies of patients treated
with Kloehn-type headgear (see Figure 15-16), which uti-
lized a neckstrap and relatively light (300 to 400 gm) force,
showed that skeletal change in the form of a reorientation
of jaw relationships did occur.19 Experience soon revealed
that although greater skeletal effects might be produced by
higher levels of force than Kloehn had advocated, this re-
quired an upward direction of pull from a headcap to pre-
vent excessive downward movement of the maxilla and a
consequent downward and backward rotation of the
mandible. 20

Effects of Headgear to the Maxilla.

	

Extraoral force
against the maxilla has been documented in numerous
studies, including the recent clinical trials that are de
scribed in Chapter 8, to decrease the amount of forward
and/or downward growth by changing the pattern of appo-
sition of bone at the sutures. Class II correction is obtained
as the mandible grows forward normally while similar for-
ward growth of the maxilla is restrained, so mandibular
growth is a necessary part of the treatment response.

In a preadolescent child, extraoral force is almost
always applied to the first molars via a facebow with a head-
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FIGURE 15-16

	

A good response to headgear treatment. A, Age 11-6; B, age 13-0; C,
cephalometric superimpositions. Note the favorable downward-forward mandibular growth.
For this patient, the somewhat protrusive lower incisors were part of the reason to favor
headgear, because functional appliance treatment tends to move lower incisors forward but
headgear treatment does not.

cap or a neckstrap for anchorage. To be effective in con-
trolling growth, headgear should be worn regularly for at
least 10 to 12 hours per day. The growth hormone release
that occurs in the early evening strongly suggests that, as
with functional appliances, putting the headgear on right
after dinner and wearing it until the next morning-not
waiting until bed time to put it on-is an ideal schedule.

The current recommendation is a force of 12 to 16 ounces
(350 to 450 gm) per side. When teeth are used as the point
of force application, some dental as well as skeletal effects
must be expected. Extremely heavy forces (greater than
1000 gm total) are unnecessarily traumatic to the teeth and
their supporting structures, while lighter forces may pro-
duce dental but not skeletal changes.
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FIGURE 15-17

	

This child had a poor response to headgear treatment for a Class II malocclusion. The
cranial base superimposition indicates that the lips were retracted and the maxilla did not grow anteriorly.
The maxillary superimposition shows that the incisors were retracted and the molar movement and erup-
tion were limited. All these effects were beneficial for Class Il correction, but the mandible rotated inferi-
orly and backward because of the inferior movement of the maxilla and eruption of the lower molar. As a
result, the profile is more convex than when treatment began and the Class II malocclusion is uncorrected.

FIGURE 15-18

	

Headgear treatment can have several side ef-
fects that complicate correction of Class II malocclusion. If the
child wears the appliance, maxillary skeletal and dental forward
movement will be restricted. Although this helps in correction of
the Class II malocclusion, vertical control of the maxilla and max-
illa ry teeth is important, because this determines the extent to
which the mandible is directed forward and/or inferiorly. Down-
ward maxillary skeletal movement or maxillary and mandibular
molar eruption (all shown in dashed arrows) can reduce or totally
negate forward growth of the mandible.

FIGURE 15-19

	

Although the center of resistance of the
maxilla is difficult to estimate, a location above the roots of the
premolar teeth, at about the location of the red dot, has been
proposed. If this is true, it is difficulty to direct forces through
the center of resistance by traditional force delivery systems.
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To correct a Class II malocclusion, the mandible needs
to grow forward relative to the maxilla. For this reason it
is important to control the vertical position of the maxilla
and the maxillary posterior teeth. Downward movement
of either the jaw or the teeth tends to project mandibular
growth more vertically, which nullifies most of the forward
mandibular growth that reduces the Class 11 relationship
(Figure 15-17). Baumrind et al have demonstrated that
distal molar movement is a significant contributing factor
to downward projection of mandibular growth during
headgear treatment . Z1 The molars should not be elon-
gated, and distal tipping of these teeth should be mini-
mized when the objective is a change in skeletal relation-
ships (Figure 15-18). In addition, it is necessary to try to
control the vertical growth of the maxilla.

In theory, the movement of the maxilla can be con-
trolled in the same way as a single tooth is controlled: by
managing forces and moments relative to the center of re
sistance of the jaw (Figure 15-19). In practice, it is difficult
to analyze exactly where the center of resistance and cen-
ter of rotation of the maxilla might be, but it is above the
teeth. Directing the line of force closer to the center of re-
sistance is a major reason for including an upward direc-
tion of pull for most children who have headgear force to
the maxilla.

Selection of Headgear Type.

	

There are three ma-
jor decisions to be made in the selection of headgear. First,
the headgear anchorage location must be chosen to provide

a preferred vertical component of force to the skeletal and
dental structures. A high pull headcap (Figure 15-20, A)
will place a superior and distal force on the teeth and max-
illa. A cervical neckstrap (Figure 15-20, B) will place an in-
ferior and distal force on the teeth and skeletal structures.
When the headcap and neckstrap are combined (Figure 15-
20, C), the force direction can be varied by altering the pro-
portion of the total force provided by each component. If
each delivers equal forces, the resultant force is slightly up-
ward and distal for both the teeth and the maxilla. The ini-
tial choice of headgear configuration should be based on
the original facial pattern: the more vertically excessive
growth is present, the higher the direction of pull and vice
versa, but it must be kept in mind that considerable varia-
tion in growth response can occur. 22

The second decision is how the headgear is to be at-
tached to the dentition. The usual arrangement is a face-
bow to tubes on the permanent first molars. Alternatively,
a removable appliance can be fitted to the maxillary teeth
and the facebow attached to this appliance. This appliance
can take the form of a maxillary splint or a functional ap-
pliance. This alternative approach is particularly indicated
for children with vertically excessive growth (see later in
this chapter). Attaching headgear to an archwire anteriorly
is possible but rarely practical in mixed dentition children.

Finally, a decision must be made as to whether bodily
movement or tipping of the teeth or maxilla is desired.
Since the center of resistance for a molar is estimated to be

FIGURE 15-20

	

Various types of headgear provide different directions of force for different clinical
situations. A, High-pull headgear consists of a headcap connected to a facebow. The appliance places a
distal and upward force on the maxillary teeth and maxilla. B, Cervical headgear is made up of a neckstrap
connected to a facebow. This appliance produces a distal and downward force against the maxillary teeth
and the maxilla. C, The combination headgear is a marriage of the high-pull and cervical headgears, with
both connected to a facebow. When the force is equal from each headgear, a distal and slightly upward
force is placed on the maxillary teeth and maxilla. Varying the proportions of the total force derived from
the headcap and neckstrap allows the result force vector to be altered.



FIGURE 15-21

	

These diagrams illustrate effects of four commonly used types of facebow and extraoral anchorage attachments. In
each diagram, the inner bow is shown in black, and the various outer bow possibilities in red or dotted red. A, High-pull headgear (head-
cap) to the first molar. To produce bodily movement of the molar (no tipping), the line of force (black arrow) must pass through the cen-
ter of resistance of the molar tooth. This will produce both backward and upward movement of the molar. Note that the line of force is
affected by the length and position of the outer bow, so that a longer outer bow bent up or a shorter one bent down could produce the
same line of force. If bow length or position produces a line of force above or below the center of resistance (dotted red), the tooth will tip
with the root or the crown, respectively, going distally because of the moment that is produced. B, Cervical headgear (neckstrap) to the
first molar. Again, bodily movement is produced by an outer bow length and position that places the line of force through the center of
resistance of the molar; but with a lower direction of pull, the tooth is extruded as well as moved backward. Note that the outer bow of a
facebow used with cervical traction nearly always is longer than the outer bow used with a high-pull headcap. If the line of force is above
or below its center of resistance, the tooth will tip with the root or crown, respectively, going distally as indicated by the dotted arrows.
C, Combination headgear to the first molar, using both a headcap and a neckstrap. The resultant force vector (black) determines the move-
ment of the molar, which in this example will be back and slightly up. With the resultant line through the center of resistance, the mo-
ments created by the headcap and neckstrap cancel. Again, if the resultant force vector is above or below the center of resistance, the tooth
will tip. D, High-pull headgear to a short facebow inserted into a maxillary splint. With all the teeth splinted, it is possible to consider the
maxilla as a unit and to relate the line of force to the center of resistance of the maxilla. As with headgear force against the first molar, the
relationship of the line of force to the center of resistance of the maxilla determines the rotational effect on the maxilla.

498



CHAPTER 15

	

Treatment of Skeletal Problems in Preadolescent Children

	

499

in the midroot region, force vectors above this point should
result in distal root movement. Forces through the center
of resistance of the molar should cause bodily movement,
and vectors below this point should cause distal crown tip-
ping. The length and position of the outer headgear bow
and the form of anchorage (i.e., headcap, neckstrap, or
combination) determine the vector of force and its rela-
tionship to the center of resistance of the tooth. These fac-
tors determine the molar movement.

The various combinations of force direction (anchor-
age), length of outer bow, and position of outer bow are di-
agrammatically illustrated in Figure 15-21. For example, if
a cervical neckstrap is to be used, either a medium-length
high or long straight outer bow will provide distal root
movement along with extrusion. With a cervical neckstrap,
a high short or low medium-length outer bow will produce
distal crown tipping along with distal and extrusive molar
movement.

As in any growth modification treatment, tooth move-
ment generally is an undesirable side effect, and with head-
gear, tooth movement is minimized by causing the teeth to
move bodily if they move at all.

Similar considerations apply to the maxilla: unless the
line of force is through its center of resistance, rotation of
the jaw (the skeletal equivalent of dental tipping) will occur.

Control of the line of force relative to the maxilla is easier
when a splint covering all the teeth is used to apply the
headgear force. The facebow is usually attached to the
splint in the premolar region, so that the force can be di-
rected through the center of resistance of the maxilla that
is estimated to be located above the premolar roots (see
Figure 15-21, D). Distal tipping of the maxillary incisors is
likely to occur, however, because of the distal component of
the force delivered to these teeth.

Clinical Procedures in Headgear Use
For headgear treatment in a preadolescent child, molar
bands with headgear tubes (and any other attachments that
might be needed later in treatment) are fitted and ce-
mented (see Chapter 12 for details of appliance compo-
nents). Preformed facebows are supplied in a variety of in-
ner bow sizes and usually also have an adjustment loop as
part of the inner bow. The inner bow should fit closely
around the upper arch without contacting the teeth except
at the molar tubes (within 3 to 4 mm of the teeth at all
points) (Figure 15-22). The correct size can be selected by
fitting the bow against the maxillary cast. It is then placed
into the tube on one side for an examination of how it fits
relative to the other tube and the teeth. By adjusting the
loops to expand or contract the inner bow and by bending

FIGURE 15-22

	

The steps for fitting a facebow for a headgear. A, Facebow inner bows
come in graduated sizes. A simple method for selecting the appropriate size is to fit the bow to
the pretreatment maxillary cast. B, After the bow is placed in one molar headgear tube, C, it is
adjusted to be passive and aligned with the tube on the other molar band. It should be easy to
insert and remove at this point. Often the adjustment loops mesial to the maxillary first molar
need to be opened or closed to move the inner bow farther from or closer to the anterior teeth.
D, Similarly, the inner bow must often be stepped away from the teeth in the buccal segments.
This can be accomplished by bending the adjustment loop lingually and,

	

Continued
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FIGURE 15-22, cont'd E, bending the portion of the bow that inserts in the molar tube
back to its original position. F, When the inner bow is then expanded, there is no interference
with the buccal teeth. The inner bow must be expanded by I to 2 mm to keep the posterior
teeth out of crossbite as anteroposterior changes are made. G, These adjustments should result
in the inner bow being several millimeters from the teeth and resting passively between the lips.
Vertical adjustments can be made at the molar adjustment loops. H, The inner bow must be
expanded by 1 to 2 mm to keep the posterior teeth out of crossbite as anterposterior changes
are made.

the short portion of the bow that fits into the molar tubes,
it is possible to make the bow passive, allow clearance from
the teeth, and have the bow rest comfortably between the
lips (Figure 15-23, A). The extension of the inner bow out
the end of the headgear tubes should be evaluated. Ideally
the end of the inner bow would be flush with the tube, but
certainly there is no need for it to extend more than 1 mm
past the end of the tube. This limited extension will reduce
tissue irritation in the back of the mouth and friction dur-
ing application and removal.

As a Class II molar relationship is corrected, the rela-
tive forward movement of the lower arch will produce a
crossbite tendency unless the upper arch width is expanded.
This must be taken into account from the beginning of
treatment. The inner bow should be expanded by 2 mm
symmetrically so that when it is placed in one tube, it rests
just outside the other tube. The patient will need to
squeeze the inner bow as it is inserted to make it fit the
tubes, thus providing the appropriate molar expansion.

The outer bow should rest several millimeters from
the cheeks (Figure 15-23, B). It must be cut to the proper
length and have a hook formed at the end (Figure 15-24).
The length and the vertical position of the outer bow are
selected to achieve the correct force direction relative to
the center of resistance (see Figure 15-21).

This can actually be accomplished quite simply after
the inner and outer bow relationships to the teeth and face
have been adjusted. With the bow in place, by placing your
fingers on the outer bow and simulating the direction of
force application at different points bilaterally, the reaction
of the teeth can be determined. If the force you place with
your fingers lifts the junction of the inner and outer bows
between the lips, the headgear will move the roots distally.
Conversely, if the force drops the bow between the lips, the
molar crowns will be tipping distally. If neither occurs, the
teeth will be moving bodily.

The appropriate headcap, neckstrap or combination
of the two is fit by selecting the appropriate size. A spring
mechanism-not elastic bands or straps-is strongly rec
ommended to provide the force. The springs deliver con-
sistent forces that can be documented and easily adjusted.
The spring attachment is adjusted to provide the correct
force with the patient sitting up or standing-not reclin-
ing in the dental chair (Figure 15-25, A and B). It is
usually a good idea to start with a low force level to accli-
mate the patient to the headgear and then gradually in-
crease the force at subsequent appointments. Even if the
correct force level is set at the first appointment, the
forces will drop when the strap stretches slightly and con-
tours to the patient's neck. Once the forces are correct,
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FIGURE 15-23

	

A, The facebow should be adjusted so that the junction of the inner and
outer bows rests passively between the lips. B, The outer bow should rest several millimeters
from the soft tissue of the cheek. This adjustment must be checked both before and after the
straps for the headcap or neckstrap are attached.

FIGURE 15-24

	

The length of the outer bow is critical to the desired dental changes. A, After
the correct length is chosen and the outer bow cut with a pliers, B, a hook is bent at the end with
a heavy pliers.

the bow position must be rechecked since the pull of the
straps often alters the previous bow position so that it
needs adjustment.

The child should place and remove the headgear under
supervision several times to be certain that he or she under-
stands how to manipulate it and to ensure proper adjust
ment. Most headgear is worn after school, during relaxed
evening hours and during sleep. It is definitely not indicated
for vigorous activity, bicycle riding, or general roughhous-
ing. Children should be instructed that if anyone grabs the
outer bow, they should also grab the bow with their hands.
This will prevent breakage and injury. The headgear straps
must be equipped with a safety-release mechanism (Figure
15-2 5, C to E) to prevent the bow from springing back at the
child and injuring him or her if it is grabbed and pulled by a
playmate. Severe injuries, including loss of sight, have oc-
curred from headgear accidents of this type. 23 In a recent re-
view of commercially available headgear release mecha-
nisms that included 18 different designs, Stafford et al noted
that almost all released at 10 to 20 pounds of force and con-
cluded that the amount of extension before release occurred
and the consistency of release were the most important vari-
ables from a safety perspective.24

Vertical Excess
Children with excessive face height (e.g., with a skeletal
open bite or long face syndrome) generally have a normal
upper face and elongation of maxillary and mandibular
posterior teeth,25 which accounts for the steep mandibu-
lar plane and the large discrepancy between posterior and
anterior face height. The ideal treatment for these pa-
tients would be to control all subsequent vertical growth
so that the mandible would rotate in an upward and for-
ward direction (Figure 15-26).

Unfortunately, vertical facial growth extends into the
adolescent and postadolescent years, which means that
even if growth can be modified successfully in the mixed
dentition, active retention is likely to be necessary for a
number of years.

There are several possible approaches to this long face
pattern of growth. In the order of their clinical effective-
ness, the possible approaches are:

High Pull Headgear to the Molars.

	

One approach
to vertical excess problems is to maintain the vertical posi-
tion of the maxilla and inhibit eruption of the maxillary
posterior teeth. This can be attempted with high-pull
headgear to the posterior teeth, that is worn 14 hours a day
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FIGURE 15-25

	

Adjustment of the neckstrap. A, The neckstrap is attached to the facebow and
the proper force obtained from the spring mechanism by moving the hook to adjacent holes on
the neckstrap. B, When the force is correct, the plastic connector is cut so that one extra hole is
present in front of the correct hole. This provides a tab for the patient to grasp when placing the
headgear. C, The spring mechanism delivers a predetermined force when the plastic connector is
moved forward and aligned with a calibration mark. D, If the connector is stretched farther, such
as it might be if someone grabbed the facebow and pulled on it, the plastic connector strap will
release, preventing the bow from springing back into the patient's face and causing injury. E, The
connector can be threaded through the back of the mechanism to reassemble it after operation of
the safety release.

with a force greater than 12 ounces per side (Figure 15-27).
If the headgear involves a conventional facebow to the first
molar, delivery and adjustment of the headgear are identi-
cal to the high-pull headgear described previously for Class
11 problems. When comparisons are made using varied ver-
tical and horizontal vectors of force, those with the great-
est high-pull vector demonstrated the most vertical control
of the upper molars. 26,27

High-Pull Headgear to a Maxillary Splint.

	

A more
effective headgear approach for children with excessive
vertical development is the use of a plastic occlusal splint
(Figure 15-28) to which the facebow is attached .z s This al-
lows vertical force to be directed against all the maxillary

teeth-not just the molars-and appears to have a substan-
tial maxillary dental and skeletal effect with good vertical
control. An appliance of this type would be most useful in
a child with excessive vertical development of the entire
maxillary arch and too much exposure of the maxillary in-
cisors from beneath the lip (i.e., a long face child who does
not have anterior open bite). To achieve both skeletal and
dental correction, the patient must be compliant through-
out what can be a very long treatment period.

Unfortunately, this type of appliance allows mandibu-
lar posterior teeth to erupt freely, and if this occurs, there
may be neither redirection ofgrowth nor favorable upward
and forward rotation of the mandible.
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FIGURE 15-26

	

Mandibular-deficient children with exces-
sive lower face height need treatment with an appliance that
restricts posterior eruption and limits decent of the maxilla.
This allows mandibular growth to be expressed anteriorly rather
than vertically.

Functional Appliance with Bite Blocks. A more
effective alternative is the use of a functional appliance that
includes posterior bite blocks (Figure 15-29). The retrac
tion force of the headgear is replaced by the somewhat
lesser "headgear effect" of the functional appliance. The
primary purpose of the appliance is to inhibit eruption of
posterior teeth and vertical descent of the maxilla. The
appliance can be designed with or without positioning the
mandible anteriorly, depending on how much mandibular
deficiency is present.

Regardless of whether the mandible is brought for-
ward in the working bite, the bite must be opened past the
normal resting vertical dimension if molar eruption is to
be affected. When the mandible is held in this position by
the appliance, the stretch of the soft tissues (including but
not limited to the muscles) exerts a vertical intrusive force
on the posterior teeth. In children with anterior open
bites the anterior teeth are allowed to erupt, which re-
duces the open bite, while in the less common long face
problems without open bite, all teeth are held by the bite
blocks. Because there is no compensatory posterior erup-
tion, all mandibular growth should be directed more
anteriorly.

In the short term, this type of functional appliance
treatment is effective in controlling maxillary vertical
skeletal and dental growth . 29 This tends to project man
dibular growth anteriorly and helps to close anterior open
bites (Figure 15-30). Because of the long period of contin-
ued vertical growth, if a functional appliance is used for the
first phase of treatment, posterior bite blocks or other com-
ponents to control vertical growth and eruption will be

FIGURE 15-27

	

These photos show an excellent response to high-pull headgear for a
child with excessive lower face height. A, Pre-treatment profile; B, post-treatment profile;

Camnm°d
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FIGURE 15-27, Cont'd C, cephalometric superimposition. The cranial base superimposition shows
that the maxilla and the maxillary teeth did not move inferiorly; as a result the mandible grew forward
and not downward. The mandibular superimposition shows that the lower molar drifted forward into the
leeway space. The incisor positions relative to the maxilla and mandible did not change.

FIGURE 15-28

	

A and B, A plastic maxillary splint can be connected to a small con-
ventional inner headgear bow and a high-pull headgear cap to deliver an upward and back-
ward force to the entire maxilla. The splint limits dental eruption better than headgear just
to the first molars.

FIGURE 15-29

	

A and B, Bite blocks between the posterior teeth can be added to a
functional appliance, as shown here, to provide more complete control of the eruption of
posterior teeth. High pull headgear can be worn with an appliance of this type if headgear
tubes are included.



FIGURE 15-30

	

These tracings demonstrate a good response to functional appliance treatment de-
signed to control vertical development with posterior bite blocks in a child with excessive lower face
height. A, Pre-treatment profile; B, post-treatment profile. C, Cephalometric superimpositions indicate
that no posterior eruption occurred, and all mandibular growth was directed anteriorly. Face height was
maintained and anterior eruption closed the open bite. Maxillary and mandibular molar positions relative
to their supporting bone were maintained.

FIGURE 15-31

	

During fixed appliance treatment, posterior
eruption can be controlled by using removable posterior bite
blocks to separate the posterior teeth beyond the resting vertical
dimension. This creates an intrusive force on teeth in contact with
the blocks, which is generated by the stretch of the facial soft tis-
sues. The appliance is retained by clasps over the headgear tubes.

needed during fixed appliance therapy (Figure 15-31) and
probably into retention. This is necessary because fixed
appliances do not control eruption well.

High-Pull Headgear to a Functional Appliance with
Bite Blocks. The most effective approach to growth
modification involving vertical excess and a Class 11 rela
tionship and the preferred method for children with severe
problems is a combination of extraoral force in the form of
high-pull headgear and a functional appliance with poste-
rior bite blocks to anteriorly reposition the mandible and
control eruption. 30 The extraoral force increases the con-
trol of maxillary growth and allows the force to be delivered
to the whole maxilla rather than to simply the permanent
first molars (Figure 15-32). The high-pull headgear im-
proves retention of the functional appliance and produces
a force direction near the estimated center of resistance of
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FIGURE 15-32

	

A severe long face mandibular deficient condition is treated best with
high-pull headgear attached to a functional appliance with posterior bite blocks. A and B,
Facial appearance before treatment; C, headgear with attachment to functional appliance.
D and E, Post-treatment facial appearance;

	

continued
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FIGURE 15-32, eont'd

	

F, cephalometric superimpositions. Before treatment, note the facial con-
vexity, increased lower face height, lip incompetence, and exposure of the maxillary incisors. The super-
impositions show an overall downward and forward growth of the mandible, with no increase in the
mandibular plane angle and good control of the vertical position of the teeth.

the maxilla (see Figure 15-21, D). The functional appliance
provides the possibility of enhancing mandibular growth
while controlling the eruption of the posterior and anterior
teeth.

Modifications of the activator or bionator can be con-
structed using various functional appliance components to
enhance or diminish the active dental changes. When a
headgear-activator combination is used, it is a good idea to
add torquing springs to the activator (Figure 15-33) to re-
duce the tipping effect on maxillary anterior teeth. In this
case, which is a notable exception among the active func-
tional appliances, the active components are designed to
decrease dental and increase skeletal effects. 31

Clinical management of the headgear-functional ap-
pliance is an amalgamation of techniques used for each of
these appliances individually but with some interesting
modifications. First, the impressions for the functional ap-
pliance are made and the working bite obtained as with any
functional appliance. The headgear tubes are incorporated
into the bite blocks in the premolar region (Figure 15-34).
At the time of functional appliance delivery, a headcap is
made for the patient and a small, if not the smallest, face-
bow is adjusted to fit the headgear tubes. Usually the ad-
justment loops need to be closed so the bow is not placed
too far anteriorly.

The facebow-functional appliance combination is
taken to the mouth and adjusted so the outer bow is con-
sistent with a resultant force through the estimated center
of resistance of the maxilla. With the inner bow resting pas-
sively between the lips as it should, the short or moderate

FIGURE 15-33

	

Torquing springs used with headgear-func-
tional appliance combinations are designed to apply a moment to
the incisor crowns and produce bodily incisor movement, or at
least overcome some of the lingual incisor tipping common with
functional appliances.

FIGURE 15-34

	

Headgear tubes can be incorporated into any
tooth-borne functional appliance so that additional distal and ver-
tical force can be applied with a facebow and headcap.
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length outer bow must be bent upward. The headcap is
connected to the facebow and the force adjusted to ap-
proximately 400 gm per side. After the facebow is at-
tached, its position may require additional adjustment.

As with any appliance, the patient should demon-
strate competence in placement before leaving the initial
appointment. The child is instructed to attach the face
bow extraorally, place the facebow-functional appliance
combination in the mouth, and then attach the headcap.
It usually is better for the child to build up wearing time
incrementally for the functional appliance during waking
hours. Use of the headgear during sleeping hours can be-
gin immediately.

MAXILLARY DEFICIENCY

FIGURE 15-35

	

Prior to adolescence, the midpalatal suture
can be opened during maxillary expansion using a number of
methods. This occlusal radiograph taken during the primary den-
tition years illustrates sutural opening in response to the W-arch
appliance.

Transverse Maxillary Constriction
Skeletal maxillary constriction, which is distinguished by a
narrow palatal vault, usually produces a posterior crossbite,
and posterior crossbite due to a narrow maxilla is an indi-
cation for treatment at the time it is discovered. It can be
corrected by opening the midpalatal suture, which widens
the roof of the mouth and the floor of the nose at any time
prior to the end of the adolescent growth spurt.

Several methods of arch expansion are possible, but to
obtain skeletal effects, it is necessary to place force directly
across the suture. In preadolescent children, three meth
ods can be used for palatal expansion: a split removable
plate with a jackscrew or heavy midline spring; a lingual
arch, often of the quad-helix design; or a fixed palatal ex-
pander with a jackscrew that is either banded or bonded.
The rapid palatal expander can be activated for either
rapid (0.5 mm or more per day), semirapid (0.25 mm/day),
or slow (1 mm/week) expansion. Removable plates and lin-
gual arches produce slow expansion. For each of the pos-
sible methods, appropriate questions are: Does it achieve
the expansion? Does it have iatrogenic side effects? and, Is
the expansion stable?

Palatal Expansion in the Primary and Early Mixed
Dentition. Because less force is needed to open the suture
in younger children, it is relatively easy to obtain palatal ex
pansion. All three types of appliances can produce both
skeletal and dental expansion in the early mixed dentition. 32

Although some studies have reported increases in vertical fa-
cial relationships with maxillary expansion, 33 long-term ev-
idence indicates this change is transitory. 34 It has also been
demonstrated that it is possible to control vertical growth
and posterior eruption with posterior occlusal coverage. 35

With a removable appliance, the rate of expansion
must be quite slow, and the force employed during the
process must be low because of problems with retention.
Multiple clasps that are well adjusted are mandatory. Be-
cause of the instability of the teeth during the expansion
process, failure to wear the appliance even for 1 day re-
quires adjustment of the jackscrew, usually by the practi-

tioner, to constrict the appliance until it again fits and ex-
pansion can be resumed. Compliance in activation and
wear time are always issues with these appliances. Success-
ful expansion with a removable appliance can take so much
time that it is not cost-effective.

Lingual arches of the W-arch and quad helix designs
(see Chapter 11) have been demonstrated to open the mid-
palatal suture in young patients (Figure 15-35). These ap
pliances generally deliver a few hundred grams of force and
provide slow expansion. They are relatively clean and rea-
sonably effective, producing a mix of skeletal and dental
change.

Fixed jackscrew appliances attached to bands or
bonded splints also can be used in the early treatment of
maxillary constriction. Banding permanent molars and pri
mary second molars is relatively simple, but banding pri-
mary first molars can be challenging. Using a bonded ap-
pliance in the mixed dentition is relatively straightforward.
This appliance can deliver a variety of forces and can extin-
guish habits by virtue of its bulk. In young children, in
comparison with a lingual arch, there are two major disad-
vantages. First, the fixed jackscrew appliance is more bulky
than an expansion lingual arch and more difficult to place
and remove. The patient inevitably has cleaning problems,
and either the patient or parent must activate the appliance.
Second, a fixed appliance of this type can be activated
rapidly, which in young children is a disadvantage-not an
advantage. Rapid expansion should not be done in a young
child. There is a risk of distortion of facial structures with
rapid expansion (see Figure 8-16), and there is no evidence
that rapid movement and high forces produce better or
more stable expansion.

Many functional appliances incorporate some compo-
nents to expand the maxillary arch either intrinsic force-
generating mechanisms like springs and jackscrews or buc
cal shields to relieve buccal soft tissue pressure. When arch
expansion occurs during functional appliance treatment
(Figure 15-36), it is possible that some opening of the mid-
palatal suture contributes to it, but the mix of skeletal and
dental change is not well-documented.
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FIGURE 15-36

	

The pre-treatment cast on the left and the progress cast on the right
demonstrate the increase in transverse dimension that usually occurs in response to Frankel
appliance therapy as a result of the alteration of the cheek-tongue equilibrium.

FIGURE 15-37

	

A, This banded palatal expander uses a screw device together with a spring
to deliver the forces to the maxilla. The spring produces more constant force levels than are ob-
tained with a nonflexible system. B, This expander is retained by bonding the acrylic resin to the
teeth (with the facial and lingual but not the occlusal surfaces etched). It incorporates bite blocks
to control the tendency for dental extrusion and downward mandibular rotation as a consequence
of the lateral expansion. The wire loop on the facial facilitates debonding (see Figure 16-15).
( Courtesy Dr. David Sarver.)

On balance, therefore, slow expansion with an active
lingual arch is the preferred approach to maxillary con-
striction in young children in the primary and early mixed
dentitions. A fixed jackscrew appliance is an acceptable al-
ternative if activated carefully and slowly.

Palatal Expansion in the Late Mixed Dentition.
With increasing age, the midpalatal suture becomes more
and more tightly interdigitated, but in most individuals, it
remains possible to obtain significant increments in maxil-
lary width up to age 15 to 18. Expansion in adolescents is
discussed in some detail in Chapter 16.

Even in the late mixed dentition, sutural expansion re-
quires placing a relatively heavy force directed across the
suture to move the halves of the maxilla apart. A fixed
jackscrew appliance (either banded or bonded) is required
(Figure 15-37). As many teeth as possible should be in-
cluded in the anchorage unit. In the late mixed dentition,
root resorption of primary molars may have reached the

point that these teeth offer little resistance, and it may be
wise to wait for eruption of the first premolars before be-
ginning expansion.

Rapid orSlow Expansion?

	

In the late mixed dentition,
either rapid or slow expansion is clinically acceptable. As we
have reviewed in some detail in Chapter 8, it now appears that
slower activation of the expansion appliance (i.e., at the rate
of about 1 mm/week) provides approximately the same ulti-
mate result over a 10 to 12 week period as rapid expansion,
with less trauma to the teeth and bones (see Figure 8-18).

Rapid expansion typically is done with two turns daily
of the jackscrew (0.5 mm activation). This creates 10 to 20
pounds of pressure across the suture-enough to create mi
crofractures of interdigitating bone spicules. When a screw
is the activating device, the force is transmitted immedi-
ately to the teeth and then to the suture. Sometimes a large
coil spring is incorporated along with the screw, which
modulates the amount of force, depending on the length
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and stiffness of the spring (see Figure 15-3 7, A). The suture
opens wider and faster anteriorly because of the buttressing
effect of the other maxillary structures in the posterior re-
gions. A diastema usually appears between the central in-
cisors as the bones separate in this area (Figure 15-38). Ex-
pansion usually is continued until the maxillary lingual
cusps occlude with the lingual inclines of the buccal cusps
of the mandibular molars. When expansion has been com-
pleted, a 3-month period of retention with the appliance in
place is recommended. After the 3-month retention period,
the fixed appliance can be removed, but a removable re-
tainer that covers the palate is often needed as further in-
surance against early relapse (Figure 15-39).

The theory behind rapid activation was that force on
the teeth would be transmitted to the bone, and the two
halves of the maxilla would separate before significant
tooth movement could occur. In other words, rapid activa-

FIGURE 15-38

	

Spacing of the maxillary central incisors dur-
ing rapid palatal expansion. A, When the appliance is placed and
treatment begins, there is only a tiny diastema; B, after 1 week of
expansion, the teeth have moved laterally with the skeletal struc-
tures; C, after retention, a combination of skeletal relapse and pull
of the gingival fibers has brought the incisors together and closed
the diastema.

tion was a way to maximize skeletal change and minimize
dental change. It was not realized initially that during the
time it takes for bone to fill in the space that was created be-
tween the left and right halves of the maxilla, skeletal re-
lapse begins to occur almost immediately, even though the
teeth are held in position. The central diastema closes from
a combination of skeletal relapse and tooth movement cre-
ated by stretched gingival fibers. The net treatment effect
therefore is approximately equal skeletal and dental expan-
sion (see Chapter 8).

Slower activation of the expansion appliance at the
rate of 1 mm/week, which produces about 2 pounds of
pressure in a mixed dentition child, opens the suture at a
rate that is close to the maximum speed of bone forma-
tion. 36 The suture is not obviously pulled apart on radi-
ographs, and no midline diastema appears, but both skele-
tal and dental changes occur. After 10 to 12 weeks,
approximately the same roughly equal amounts of skeletal
and dental expansion are present that were seen at the
same time with rapid expansion. When bonded slow and
rapid palatal expanders in early adolescents were com-
pared in a recent study, the major difference was greater
expansion across the canines in the rapid expansion group.
This translated into a predicted greater arch perimeter
change but similar opening of the suture posteriorly. 37 It
appears that simply turning the screw more slowly (e.g.,
one turn every other day) in a typical fixed expansion ap-
pliance is effective. Alternatively, a spring to produce 2
pounds of force can be used.

Clinical Management of Palatal Expansion Devices.

Most traditional palate expansion devices use bands for
retention on first premolars and permanent first molars if
possible. During the late mixed dentition years the first pre-
molars often are not fully erupted and are difficult to band.
If the primary second molars are firm, they can be banded
along with the permanent first molars. Alternatively but less
desirably, only the permanent first molars can be banded.
With this approach, the appliance is generally extended an-
teriorly, contacting the other posterior primary and erupt-
ing permanent teeth near their gingival margins.

The bands are stabilized in an impression while it is
poured, so they are retained in the completed working

FIGURE 15-39

	

Following palatal expansion, an acrylic re-
tainer that covers the palate is needed to control relapse.
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model. A soldered wire framework and plastic palatal por-
tions, if desired, are added during appliance fabrication.
After crossbite correction is completed, band removal can
be difficult because the teeth are mobile and sensitive. In
those cases, sectioning the bands is appropriate.

An alternative approach is to use a bonded palatal ex-
pander (see Figure 15-37, B and C). During fabrication of
the working casts, plastic is generally extended over the oc
clusal and facial and lingual surfaces of the posterior teeth.
When the appliance is returned from the laboratory, be-
cause of poor dimensional stability and distortion of the
plastic portion, it may be necessary to relieve the acrylic
where it seats on the maxillary teeth, reline this area with
additional plastic, and refit the appliance in the mouth. By
removing the appliance before final polymerization, it can
be trimmed and further adjusted without complication.
Generally, a composite resin is used to retain the appliance,
with only the facial and lingual surfaces of the posterior
teeth etched. Etching the occlusal surface is not recom-
mended-bonding there is unnecessary for retention and
can greatly complicate appliance removal.

Removal of the appliance is accomplished with a band
remover engaged under a facial or lingual plastic margin,
and is facilitated by including loops of wire extending from
the facial surfaces (see Figure 16-15). The appliance can be
sectioned, but this is time-consuming and usually unneces-
sary. Complete resin removal can be laborious, so using
only an adequate amount of resin is crucial. There is a del-
icate balance. Inadequate resin will lead to excessive leak-
age onto the unbonded surfaces, which can result in decal-
cification, or appliance loss. Too much resin, on the other

hand, can make tooth and appliance cleaning, as well as
appliance removal, difficult. For these reasons, some clini-
cians use glass ionomer cement for retention. The strength
of the material usually is adequate but bonding failure may
occur. Fluoride release from these cements may prove
advantageous in the short term.

Anteroposterior and Vertical Maxillary
Deficiency
Both anteroposterior and vertical maxillary deficiency can
contribute to Class III malocclusion. If the maxilla is small or
positioned posteriorly, the effect is direct. If it does not grow
vertically, the mandible rotates upward and forward, pro-
ducing an appearance of mandibular prognathism that may
be due more to the position of the mandible than its size.

For children with a-p and vertical maxillary defi-
ciency, the preferred treatment is to move the maxilla into
a more anterior and inferior position, which also increases
its size as bone is added at the posterior and superior su-
tures. As with transverse expansion, it is easier and more
effective to move the maxilla forward at younger ages, 39

although recent reports indicate that some a-p changes can
be produced into early adolescence. 39 When force is ap-
plied to the teeth for transmission to the sutures, tooth
movement in addition to skeletal change is inevitable.

Clinical Management of Facemask Treatment.
Generally, it is better to defer maxillary protraction until
the permanent first molars have erupted and can be in
corporated into the anchorage unit. Following palatal ex-
pansion or in conjunction with it, a facemask that obtains
anchorage from the forehead and chin (Figure 15-40) is

FIGURE 15-40

	

The Delaire-type facemask. A, The facemask contacts the forehead and
chin for anchorage and should be adjusted several millimeters away from the other soft tissues.
B, Adjustment of the wire framework will produce the desired fit and direction of pull on the
maxilla (usually downward for increased vertical facial development and patient comfort)
when the elastics are placed from the mask to splint.
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FIGURE 15-41

	

A maxillary removable splint is often used to make the upper arch a single
unit for maxillary protraction. A, The splint incorporates hooks in the canine-premolar region
for attachment of elastics and, B, should cover the anterior and posterior teeth and occlusal sur-
faces for best retention. Note that the hooks extend gingivally, so that the line of force comes
closer to the center of resistance of the maxilla. Multiple clasps also aid in retention. A bonded
expander or wire splint, C, also can be used and consists of four bands on primary teeth connected
by a palatal wire and having hooks on the facial. A splint of this type allows simultaneous expan-
sion if desired.

used to exert a forward force on the maxilla via elastics
that attach to a maxillary appliance. To resist tooth move-
ment as much as possible, the maxillary teeth should be
splinted together as a single unit. The maxillary appliance
can be banded, bonded, or removable (Figure 15-41). A
removable plastic splint that covers the occlusal surfaces
of the teeth often is satisfactory. Multiple clasps combined
with plastic that extends over the incisal edges usually
provide adequate retention. If necessary, the splint can be
bonded in place, but this causes hygiene problems and
should be avoided if possible for long-term use. It also is
possible to use a heavy wire splint that incorporates a lin-
gual arch (for arch expansion) cemented to the primary
and molars and whatever permanent teeth are available
(see Figure 15-41, C). Whatever the method of attach-
ment, the appliance must have hooks for attachment to
the face mask that are located in the canine-primary mo-
lar area above the occlusal plane. This places the force
vector nearer the center of resistance of the maxilla and
limits maxillary rotation (Figure 15-42).

For most young children, a facemask is as well-accepted
as conventional headgear. Contouring an adjustable face-
mask for a comfortable fit on the forehead is not difficult for
most children. There are a variety of designs that accom-
modate mandibular movement and eyeglasses if necessary.

FIGURE 15-42

	

With the splint over the maxillary teeth and
forward pull from the facemask, the hooks on the splint should
be elevated. Even so, the line of force is likely to be below the
center of resistance of the maxilla, so some downward rotation
of the posterior maxilla and opening of the bite anteriorly can be
anticipated.
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FIGURE 15-43 In a young child, facemask treatment can produce some forward displacement of the
maxilla. A, Before facemask treatment, age 7; B, post-treatment, age 8-6, at the point the facemask was
stopped. He wore it 12 hours per day for 14 months; C, cephalometric superimposition age 7 to 10, show-
ing the amount of change maintained over 18 months. Note that three things occurred during the treat-
ment: (1) forward movement of the maxilla, almost surely more than would have occurred without treat-
ment; (2) forward displacement of the maxillary teeth; and (3) downward-backward rotation of the
mandible. All three effects are typical responses to facemask treatment; often, as here, the downward rota-
tion of the mandible is the major element in improving the Class III relationship. In young children, the
magnitude of the skeletal change is usually greater than the dental change. In adolescents, the change is al-
most entirely tooth movement.

The plastic forehead and chin pads occasionally require re-
lining with plastic for an ideal fit or with an adhesive-backed
protective pad to reduce soft tissue irritation.

Approximately 12 ounces of force per side is applied
for 14 hours per day. Most children with maxillary defi-
ciency are deficient vertically as well as anteroposteriorly,
which means that a slight downward direction of elastic
traction between the intraoral attachment and the facemask
frame usually is desirable. Moving the maxilla down as well
as forward rotates the mandible downward and backward,
which contributes to correction of a skeletal Class III rela-
tionship. A downward pull would be contraindicated, how-
ever, if lower face height were already large.

Although the goal of facemask therapy is forward dis-
placement of the maxilla, both downward-backward rotation
of the mandible, backward displacement of the mandibular
teeth, and forward displacement of the maxillary teeth typi-
cally occur in response to this type of treatment (Figure 15-
43). 4° Often mandibular rotation and displacement of max-
illa ry teeth- not forward movement of the maxilla-are the
major components of the treatment result.

Controlling Tooth Movement by Applying Force to
Implants. Clearly, a major negative side effect of the max-
illary protraction procedure is maxillary dental movement

that detracts from the skeletal change. Shapiro and Kokich
deliberately ankylosed primary canines so they could be
used as "natural implants." With traction against a maxillary
arch stabilized by these teeth, they were able to demonstrate
approximately 3 mm of maxillary protraction in one year,
with minimal dental change.41 If a child with maxillary
retrusion has spontaneous ankylosis of primary molars, a
splint can be fabricated to use these teeth as implants and
gain the same biomechanical advantage (Figure 15-44). It
also would be possible to use temporary implants or on-
plants42 as a point of attachment, avoiding pressure against
the teeth (see Chapter 9), and it is likely that this method
will come into regular clinical use in the near future.

Functional Appliances for Maxillary Protraction.
Another possible treatment for correction of maxillary defi-
ciency is a functional appliance made with the mandible po
sitioned posteriorly and rotated open and with pads to
stretch the upper lip forward (Figure 15-45). In theory, the
lip pads, as used in Frankel's FR-111 appliance, stretch the
periosteum in a way that stimulates forward growth of the
maxilla. The available data, however, indicate little true for-
ward movement of the upper jaw. 43 Instead, most of the im-
provement is from dental changes. The appliance, which
allows the maxillary molars to erupt and move mesially
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FIGURE 15-44

	

When anlcylosed primary teeth are available for attachment of a facemask, an improved
skeletal response can be obtained, as in this patient. A, Pre-treatment profile; B, post-treatment profile;
C, cephalometric superimpositions. Note the improvement in the facial concavity, and downward-back-
ward rotation of the mandible, with almost totally skeletal and no dental change. The maxilla rotated down
posteriorly, as would be predicted from the relationship of the line of force to its center of resistance.
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while holding the lower molars in place vertically and an-
teroposteriorly, tips the maxillary anterior teeth facially and
retracts the mandibular anterior teeth (Figure 15-46). This
tooth movement helps in the development of a normal
overbite and overjet but has little effect on the skeletal mal-
occlusion. Rotation of the occlusal plane also contributes to
the change from a Class III to a Class I molar relationship
(Figure 15-47). If the functional appliance rotates the chin
down and back (see the following section), the Class III re-
lationship will improve, but again with no effect on the
maxilla. In short, functional appliance treatment, even with
the use of upper lip pads, has little or no effect on maxillary
retrusion.

FIGURE 15-45

	

The Frankel III appliance stretches the soft
tissue adjacent to the maxilla, attempting to stimulate forward
growth of the maxilla by stretching the periosteum, and does not
advance the mandible. The vertical opening is used to enhance
downward and forward eruption of maxillary posterior teeth.

MANDIBULAR EXCESS

Children who have Class III malocclusion because of exces-
sive growth of the mandible are extremely difficult to treat.
The treatment of choice would appear to be a restraining
device (e.g., chin cup/chin cap) to inhibit the growth of the
mandible, at least preventing it from projecting forward as
much as otherwise would have occurred. Functional appli-
ances also have been advocated for mandibular excess pa-
tients. Inhibiting mandibular growth has proven to be al-
most impossible (see Chapter 8), so with both types of
appliances, the major effect is downward and backward ro-
tation of the mandible, which decreases anteroposterior
projection of the chin by making the face longer. There is
some evidence that a chin cup is more effective in young
children under age 7 than the same treatment used later.
Unfortunately, despite efforts to modify excessive mandibu-
lar growth, many of these children ultimately need surgery,
and the chin cup treatment is essentially camouflage.

Extraoral Force to the Mandible:
Chin Cup Treatment
In theory, extraoral force directed against the mandibular
condyle would restrain growth at that location. Despite
success in animal experiments, most human studies have
found little difference in mandibular dimensions between
treated and untreated subjects (see Chapter 8). 45 ' 46 What
chin cup therapy does accomplish is a change in the direc-
tion of mandibular growth, rotating the chin down and
back. In addition, lingual tipping of the lower incisors oc-

FIGURE 15-46

	

Response to a Class III functional appliance. A, Pre-treatment profile;
B, post-treatment profile;

	

Continued
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FIGURE 15-46, cont'd C, cephalometric superimpositions. Note in the cranial base superimposition
that the mandible rotated inferiorly and posteriorly to a less prominent position. The maxillary incisors
moved facially and the mandibular incisors tipped lingually. Note the differential eruption of the upper
molar, which also contributes to correction of the occlusal relationships. In essence, this method trades
increased face height for decreased chin prominence.

FIGURE 15-47

	

To facilitate Class III correction, the mesial
and vertical eruption of the maxillary molar can be emphasized.
This will i mprove the molar relationships and establish the poste-
rior occlusal plane at a lower level. Rotation of the occlusal plane
in this direction facilitates normal interdigitation of the molars in
a Class III patient.

curs as a result of the pressure of the appliance on the lower
lip and dentition (Figure 15-48). 44

This type of treatment is appropriate with normal or
reduced lower anterior face height but is contraindicated
for a child who has excessive lower face height. In essence,
the treatment becomes a trade-off between decreasing the
anteroposterior prominence of the chin and increasing face
height. From this perspective, more Asian than white

children can benefit from chin cup treatment because of
their generally shorter face heights, not because of a differ-
ence in the treatment response. unfortunately, the major-
ity of white children with exc ssive mandibular growth
have normal or excessive fac height, so that only small
amounts of mandibular rotation are possible without pro-
ducing a long-face deformity.

A hard chin cup can be custom fitted from plastic, us-
ing an impression of the chin; a commercial metal or plas-
tic cup can be used if it fits well enough; or a soft cup can
be made from a football helmet chin strap. Any of these can
irritate the soft tissue of the chin and may require a protec-
tive liner or talcum powder for comfort. The more the chin
cup or strap migrates up toward the lower lip during appli-
ance wear, the more lingual movement of the lower incisors
will be produced. Soft cups may produce more tooth move-
ment in this manner than hard ones.

The headcap that includes the spring mechanism can
be the same one used for high-pull headgear. It is adjusted
in the same manner as the headgear to direct a force of ap
proximately 16 to 24 ounces per side through the head of
the condyle or a somewhat lighter force below the condyle.
Once it is accepted that mandibular rotation is the major
treatment effect, lighter force oriented to produce greater
rotation makes more sense.
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FIGURE 15-48

	

A typical response to chin-cup treatment. A, Pre-treatment profile; B, post-treatment
profile; C, cephalometric superimpositions. The mandible rotated inferiorly and posteriorly to a less
prominent position and the maxillary incisors moved labially as the mandibular incisors tipped lingually
in response to the pressure of the chin cup. This treatment reduces mandibular protrusion by increasing
anterior face height, very similarly to the effect of Class III functional appliances.
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Class III Functional Appliances
Class III functional appliances for excessive mandibular
growth make no pretense of restraining mandibular
growth. They are designed to rotate the mandible down
and back and to guide the eruption of the teeth so that the
upper posterior teeth erupt down and forward while erup-
tion of lower teeth is restrained. This rotates the occlusal
plane in the direction that favors correction of a Class III
molar relationship (see Figure 15-47). These appliances
also tip the mandibular incisors lingually and the maxillary
incisors facially, introducing an element of dental camou-
flage for the skeletal discrepancy. The only difference from
a functional appliance for a maxillary deficiency patient is
the absence of lip pads.

Although the theory of the functional appliance is quite
different from that of the chin cup, the treatment effects are
very similar, and the two approaches are approximately
equally effective (or, in severe cases, equally ineffective).

To produce the working bite for a Class III functional
appliance, the steps in preparation of the wax, practice for
the patient, and the use of a guide to determine the correct
vertical position are identical to the procedure for Class 11
patients. However, the working bite itself is significantly
different: the mandible is rotated open on its hinge axis but
is not advanced. This type of bite is easier for the dentist to
direct because light force can be placed on the chin point to
retrude the mandible.

How far the mandible is rotated open depends on the
type of appliance and the need to interpose bite blocks and
occlusal stops between the teeth to limit eruption. Less ver
tical opening would be needed for an appliance with lip
pads to try to encourage forward movement of the maxilla
than for one that encourages eruption and deliberately ro-
tates the mandible significantly back. Appliance adjust-
ments and instructions are similar to those for Class II ap-
pliances except that maxillary anterior lip pads (which are
not recommended in most cases) often cause soft tissue
irritation and must be observed carefully.

Modifying true mandibular prognathism is a difficult
task regardless of the chosen method. This problem often
leads to irrational choices by practitioners and parents in
attempts to control crossbite and poor facial esthetics as
the child grows and to avoid surgical treatment when the
child has matured. The limited success of early interven-
tion is a reality that must be recognized. For a child with
severe prognathism, no treatment until orthognathic
surgery can be done at the end of the growth period may
be the best treatment.

FACIAL ASYMMETRY IN CHILDREN

Although most people have some facial asymmetry, asym-
metric development of the jaws severe enough to cause a
problem is relatively rare. Asymmetry in a child can be due
to congenital anomalies (e.g., hemifacial microsomia or to

hemimandibular hypertrophy) beginning at an early age
but usually arises as a result of a fracture of the condylar
process of the mandible. The asymmetry in such cases is
due to a restriction on growth after the injury-not the dis-
placement of fragments that occurred at the time of injury
(see Chapter 5).47

When a condylar fracture is diagnosed in a child, main-
taining function is the key to normal growth. Function does
not mean simple opening and closing hinge movements, but
must also include translation of the mandibular condyles.
Translation is necessary for normal growth in the long term
and for regeneration and stretch of the associated soft tissues
in the short term. Fortunately, most jaw fractures in preado-
lescent children can be treated with little or no surgical ma-
nipulation of the segments and little immobilization. of the
jaws, because the bony segments are self-retentive and the
healing process is rapid. Treatment should involve short fix-
ation times (usually maintained with intraoral intermaxillary
elastics) and rapid return to function. 411 Open reduction of
the fracture should be avoided. A functional appliance dur-
ing the post-injury period can be used to minimize any
growth restriction. The appliance is a conventional activator
or bionator-type appliance that symmetrically advances the
mandible to nearly an edge-to-edge incisor position. Using
this appliance, the patient is forced to translate the mandible,
and any remodeling can occur with the mandible in the
unloaded and forward position.

Many condylar fractures are not diagnosed at the time
of injury, so when a child with asymmetric mandibular de-
ficiency is seen, trauma is the most likely cause even if an
injury is not reported. The key to establishing the prog-
nosis for growth modification is the extent to which the af-
fected side can translate. Even if the mandible deviates to
the affected side on opening, reasonably normal growth is
possible if some degree of translation occurs. Hybrid func-
tional appliances (i.e., those that blend several components
designed to address specific problems) can be a powerful
treatment tool in these situations (Figure 15-49). Al-
though they may appear confusing, these appliances are
simply various components logically combined to achieve
specific purposes.

Surgical intervention in an asymmetry situation (or
other facial growth problem) prior to adolescence has only
one goal: to create an environment in which growth is pos-
sible. Therefore surgery is indicated only when abnormal
growth is progressively making a problem worse, as in
ankylosis that keeps one side from growing or active
growth at one condyle-even when significant asymmetry
is present. Treatment with a hybrid functional appliance
will be needed, possibly before surgery to decompensate
the dental arches and certainly after surgery to correct the
primary growth problem and guide function. Because of
the complexity of treatment planning and the probability
that surgery will also be needed, children with progressive
deformities usually are better managed through a major
medical center.
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FIGURE 15-49

	

A and B, This 5-year-old girl's family dentist noted her facial asymmetry,
with the chin off to the left (she deviated even more on opening) and referred her for further
evaluation. C and D, Her buccal occlusion was normal (Class I) on the right and Class II on
the left. E, The panoramic radiograph showed the classic appearance of a unilateral condylar
fracture. Note the normal condyle on the right and only a condylar stub on the left. The injury
almost surely occurred at age 2 when she fell but was not diagnosed at the time.



520

	

SECTION VI

	

Treatment of Orthodontic Problems in Preadolescent Children

FIGURE 15-49, cont'd F, Note the two mandibular borders on the cephalometric radiograph due to
the shorter ramus on the left. G and H, She was treated with a series of hybrid functional appliances, with
buccal and lingual shields on the left, and a bite block anteriorly and on the right. The objective was to
encourage mandibular growth and tooth eruption on the deficient left side and restrain eruption on the
right. It is important to keep the tongue from between the teeth on the side where eruption is desired,
thus the lingual shield on the left side (cannot be seen in the photos) was a critically important part of the
appliance. I and J, Facial views 2 years later.

	

Continued
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FIGURE 15-49, cont'd K and L, Intraoral views 2 years later. Note the improvement
in both facial symmetry and occlusion. Treatment with hybrid functional appliances was
continued. M, Panoramic and N, cephalometric progress views. Note the regeneration
of the left condyle and reduction in the difference in height of the two mandibular rami.

Continued
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FIGURE 15-49, cont'd

	

O and P, Facial and Q and R, intraoral views at age 13, with nearly
complete resolution of the facial asymmetry although the mandible still deviates to the left on wide
opening. Functional appliance treatment was discontinued at age 10, and there has been no further
orthodontic therapy.
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SECTION

COMPREHENSIVE
ORTHODONTIC TREATMENT
I N THE EARLY PERMANENT

DENTITION

Comprehensive orthodontic treatment implies an effort to make the patient's occlusion as
ideal as possible, repositioning all or nearly all the teeth in the process. From this per-

spective, the mixed dentition treatment described in Chapters 13 through 15 is not compre-
hensive, despite its importance, because the final position of all the permanent teeth is not af-
fected. A second phase of comprehensive treatment after the permanent teeth erupt, during
which the details of occlusal relationships are established, is usually needed for children with
moderate or severe malocclusion even if significant improvement occurred during a first
phase of treatment in the mixed dentition.

The ideal time for comprehensive treatment is during adolescence, when the succeda-
neous teeth have just erupted, some vertical and anteroposterior growth of the jaws remains,
and the social adjustment to orthodontic treatment is no great problem. Not all adolescent
patients require comprehensive treatment, of course, and limited treatment to overcome
specific problems can certainly be done at any age. Comprehensive treatment is also possi-
ble for adults, but it poses some special problems. These are discussed in Chapter 21.

Comprehensive orthodontic treatment usually requires a complete fixed appliance. In
the chapters that follow, the use of a contemporary edgewise appliance that incorporates off-
sets, angulation, and torque in the brackets (i.e., a "straight wire" appliance) is assumed dur
ing much of the discussion. Three major stages of treatment are used to conveniently divide
comprehensive treatment into sequential steps for discussion in Chapters 16 through 18. In
each of these chapters, the different arch wires and arch wire sequences for sliding vs. loop
mechanics and 22 versus 18 slots are emphasized. A brief description of treatment with the
Begg appliance is included at appropriate points.

Whatever the orthodontic technique, treatment must be discontinued gradually, using
some sort of retention appliance for a time, and this important subject is covered in the last
chapter of this section.
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The First Stage of Comprebensive
Treatment: Alignment and Leveling

Goals of the first stage of treatment

Alignment

Principles in the choice of alignment arches

Properties of alignment arch wires

Alignment of symmetric crowding with the edgewise

appliance

Alignment of asymmetric crowding with the edgewise

appliance

Alignment with Begg technique

Special problems in alignment

Crossbite correction

I mpacted or unerupted teeth

Diastema closure

Leveling

Leveling by extrusion (relative intrusion)

Leveling by intrusion

The idea of dividing treatment into stages, which
makes it easier to discuss technique, is particularly associ-
ated with the Begg technique. The three major stages dis
cussed in this and the following two chapters are those tra-
ditionally used to describe the stages of Begg treatment,'
but the division is reasonably applicable to edgewise treat-
ment as well. These major stages of comprehensive treat-
ment are: (1) alignment and leveling, (2) correction of
molar relationship and space closure, and (3) finishing.
The latter two stages are covered in Chapters 17 and 18,
respectively. Not every patient will require the steps of
each treatment stage, but whatever the technique, it is
likely that both the arch wires and the way they are utilized
will be changed at the various stages. In theory at least,
there is more to be done in the finishing stage with the
Begg appliance, particularly torquing of incisors and root

uprighting of canines and premolars, than if a contempo-
rary edgewise appliance is used. Nevertheless, the consid-
erations are the same, and at least some appliance adjust-
ment is needed to finish comprehensive treatment with
even the most cleverly preadjusted edgewise appliance.

GOALS OF THE FIRST STAGE
OF TREATMENT

Treatment for any patient should be undertaken only after
a thorough analysis of the patient's problems, the prepara-
tion of a treatment plan to maximize benefit for that
patient, and the development of a sequence of orthodontic
treatment steps (arch wires and their activation, i.e., mech-
anotherapy) to produce the desired result. The diagnostic
and treatment planning procedure outlined in Chapters 6
and 7, which culminates in an outline of the steps in treat-
ment, is recommended.

In almost all patients with malocclusion, at least some
teeth are initially malaligned. The great majority also have
either excessive overbite, resulting from some combination
of an excessive curve of Spee in the lower arch and an
absent or reverse curve of Spee in the upper arch, or (less
frequently) anterior open bite with excessive curve of Spee
in the upper arch and little or none in the lower arch. The
goals of the first phase of treatment are to bring the teeth
into alignment and correct vertical discrepancies by level-
ing out the arches. In this form, however, neither goal is
stated clearly enough. For proper alignment, it is necessary
not only to bring malposed teeth into the arch, but also to
specify and control the anteroposterior position of incisors,
the width of the arches posteriorly, and the form of the
dental arches. Similarly, in leveling the arch, it is necessary
to determine and control whether the leveling occurs by
elongation of posterior teeth, intrusion of incisors, or some

52 6

CHAPTER



CHAPTER 16

	

The First Stage of Comprehensive Treatment: Alignment and Leveling

	

52 7

specific combination of the two (see Chapter 7 for treat-
ment planning details).

The form of the dental arches obviously varies be-
tween individuals. Although the orthodontist has some
latitude in changing arch form, and indeed must do so in at
least one arch if the upper and lower arch are not compat-
ible initially, more stable results are achieved when the pa-
tient's original arch form is preserved during orthodontic
treatment (see Chapter 12 for a discussion of arch form and
arch wire shape). The light resilient arch wires used in the
first stage of treatment need not be shaped to the patient's
arch form as carefully as the heavier arch wires used later in
treatment, but from the beginning, the arch wires should
reflect each individual's arch form. If preformed arch
wires are used, from the beginning the appropriate large,
medium or small arch form should be selected.

Because the orthodontic mechanotherapy will be dif-
ferent depending on exactly how alignment and leveling
are to be accomplished, it is extremely important that the
desired position of the teeth at the end of each stage of
treatment be clearly visualized before that stage is begun
(Figure 16-1). The best alignment procedures will result in
incisors that are far too protrusive, for instance, if the
extractions necessary to prevent protrusion were not part
of the plan. Similarly, unless leveling by intrusion is
planned when it is needed, the appropriate mechanics are
not likely to be selected.

In this and the subsequent chapters, it is expected that
the appropriate goals for an individual patient have been
clearly stated, and the discussion here concerns only the
treatment techniques necessary to achieve those goals.
Orthodontic treatment without specific goals can be an
excellent illustration of the old adage, "If you don't know
where you're going, it doesn't matter which road you take."

ALIGNMENT

Principles in the Choice of Alignment Arches
In nearly every patient with malaligned teeth, the root
apices are closer to the normal position than the crowns,
because malalignment almost always develops as the erup-
tion paths of teeth are deflected. Putting it another way, a
tooth bud occasionally develops in the wrong place, but
(barring surgery that displaces all tissues in the area, as
sometimes happens in cleft palate repairs, or the severe
tipping from lip pressure that displaces maxillary central
incisors in Class II, division 2 cases) the root apices are
likely to be reasonably close to their correct positions even
though the crowns have been displaced as the teeth
erupted. To bring teeth into alignment, a combination of
labiolingual and mesiodistal tipping guided by an arch wire
is needed, but root movement usually is not. Several im-
portant consequences for orthodontic mechanotherapy
follow from this:

1. Initial arch wires for alignment should provide
light, continuous force of approximately 50 grams,
to produce the most efficient tipping tooth move-
ment. Heavy force, in contrast, is to be avoided.

2. The archwires should be able to move freely within
the brackets. For mesiodistal sliding along an arch
wire, at least 2 mil clearance between the arch wire
and the bracket is needed, and 4 mil clearance is de-
sirable. This means that the largest initial arch wire
that should be used with an 18-slot edgewise
bracket is 16 mil, whereas 14 mil would be more sat-
isfactory With the 22-slot bracket, an 18 mil arch
wire would be close to ideal from a bracket clear-
ance point of view. Whatever the arch wire, it should

FIGURE 16-1

	

Goals of the first stage of treatment can be visualized on a print (from an ordinary office
copy machine) of the dental arches. A, Expansion of the arch in a 12-year-old girl, to provide space for a
blocked-out second premolar. Some anterior movement of the incisors will occur, but this can be partially
prevented by including a component of lateral expansion. B, Alignment of crowded incisors with premolar
extraction in a young adult. With the incisors aligned in the same anteroposterior position, about half the
extraction space on each side will remain. This view does not show space required for leveling, which must
not be overlooked in planning (see Chapter 6).
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be ligated loosely in the bracket (indeed, this is

probably the critical factor in determining frictional

resistance to sliding).
3. Rectangular arch wires, particularly those with a

tight fit within the bracket slot so that the position of

the root apex could be affected, normally should be

FIGURE 16-2

	

A tightly fitting resilient rectangular arch wire
for initial alignment is almost always undesirable because it pro-
duces back-and-forth movement of the root apices as the teeth
move into alignment. This occurs because the moments generated
by the arch wire change as the geometry of the system changes with
alterations in tooth position. A, Diagrammatic representation of the
alignment of a malposed lateral incisor with a round wire and clear-
ance in the bracket slot. With minimal moments created within the
bracket slot, there is little displacement of the root apex. B, With a
resilient rectangular arch wire, back-and-forth movement of the
apex occurs before the tooth ends up in essentially the same place
as with a round wire. This has two disadvantages: it increases the
possibility of root resorption, and it slows the alignment process.

avoided. The principle is that it is better to tip crowns

to position during initial alignment, rather than dis-

placing the root apices; the corollary is that although

a highly resilient rectangular arch wire such as 17 X

25 NiTi could be used in the alignment stage, this is

not advantageous because the rectangular arch wire

will create unnecessary and undesirable root move-

ment during alignment (Figure 16-2). Round wires

for alignment are preferred. There is no reason to

pay extra for a high-performance rectangular wire

for initial alignment, when alignment with it pre-

dictably will be slower and potentially more damag-

ing to the roots than with a smaller round wire.

4. The springier the alignment arch wire, the more im-

portant it is that the crowding be at least reasonably

symmetric. Otherwise, there is a danger that arch

form will be lost as asymmetrically irregular teeth

are brought into alignment. If only one tooth is

crowded out of line (or if an impacted tooth has to

be brought into alignment-see below), a rigid wire

is needed that maintains arch form except where

springiness is required, and an auxiliary wire should

be used to reach the malaligned tooth (Figure 16-3).

Properties of Alignment Arch Wires
The wires for initial alignment require a combination of

excellent strength, excellent springiness, and a long range

of action. Ideally, there would be an almost flat load-

FIGURE 16-3

	

Use of an auxiliary superelastic wire for incisor alignment. A, Irregular
incisors in an adult with periodontal bone loss; B and C, After space was opened for the
right lateral incisor, a superelastic wire segment tied beneath the brackets was used to bring
the lateral incisor into position, while arch form was maintained by a heavier arch wire in the
bracket slots; D, alignment completed. This approach allows use of optimal force on the
tooth to be moved and distributes the reaction force over the rest of the teeth in the arch.
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deflection curve, with the wire delivering about 50 gm
(the optimum force for tipping) at almost any degree of de-
flection. The variables in selecting appropriate arch wires
for alignment are the arch wire material, its size (diameter or
cross-section), and the distance between attachments (inter-
bracket span). These factors have been discussed in Chapter
10 but are briefly reviewed here. Considering them in turn:

Arch wire Material.

	

The titanium-based arch wires,
both nickel-titanium (any of the NiTi wires) and beta-
titanium (TMA), offer a better combination of strength
and springiness than do steel wires (see Chapter 10). The
NiTi wires, however, are both springier and stronger in
small cross-section than beta-Ti. For this reason, NiTi
wires are particularly useful in the first stage of treatment,
and the remarkably flat load-deflection curve for superelas-
tic NiTi (austenitic NiTi, A-NiTi) makes it the preferred
material. It is important to keep in mind that not all osten-
sibly superelastic wires offer the same performance, how-
ever (see Figure 10-9). The choice of a superelastic wire
should be based on performance data-and a product with
advertising claims but no data should be regarded with
considerable suspicion. If steel is used at this stage, either
multistranded wires or loops to increase springiness (see
following) are needed. Beta-Ti rarely is the best choice for
an initial arch wire.

Size of Wire.

	

For the superelastic A-NiTi wires, the
manufacturer's preparation of the material determines the
clinical performance (Figure 16-4), so wire size is a concern
primarily with respect to clearance in the bracket slot. For
M-NiTi, beta-Ti or steel wires, wire size is an important
criterion. As wire size increases, strength increases rapidly,
while springiness decreases even more rapidly. For align-
ment, the smallest diameter (and therefore the springiest)
wire that has adequate strength would be preferred. When
multiple strands of the same diameter wire are used,
strength is added while springiness is relatively unaffected.
This method of combining steel strands that individually
would not be strong enough, makes steel wires without
loops practical at the initial stage of treatment.

Distance Between Attachments. As the distance
increases between the points of attachment of a beam,
strength decreases rapidly while springiness increases even
more rapidly. The width of brackets determines beam
length when continuous arch wires are used (unless brack-
ets are bypassed): the wider the individual brackets, the
smaller the interbracket span. For this reason, elastic arch
wires become very much stiffer when wide brackets reduce
interbracket span. This is a particularly important consid-
eration when non-superelastic wires are used initially.

As we have discussed in Chapter 10, it is logical to use
narrow brackets with 18-slot edgewise, for two reasons:
(1) in the latter stages of treatment the rectangular steel arch
wires that fill the slot are more effective with larger inter-
bracket spans, and (2) sliding teeth along the arch wire to
close extraction spaces is relatively unimportant. With 22-
slot edgewise, since the larger slot provides the clearance

needed for sliding but makes it difficult to obtain close en-
gagement of rectangular arch wires with loops in closing ex-
traction spaces, wider brackets are preferred. Prior to almost
routine use of superelastic wires, bracket slot size and inter-
bracket span were such strong influences on arch wire choice
that different wires often were used with the 18 and 22 slot
appliances. This is no longer the case. But with superelastic
wires it is necessary to pay more attention to maintaining
arch form during alignment, to the point that now alignment
when crowding is reasonably symmetric must be viewed dif-
ferently from alignment in highly asymmetric situations.

Alignment of Symmetric Crowding
with the Edgewise Appliance

Arch wire Choices.

	

The flat load-deflection curve
of superelastic NiTi (see Figure 16-4) makes it ideal for ini-
tial alignment when the degree of crowding is similar on
the two sides of the arch. The superelastic wire provides re-
markable range over which a tooth can be moved without
generating excessive force. Under most circumstances ini-
tial alignment can be accomplished simply by tying 14 or
16 mil A-NiTi that delivers about 50 gm into the brackets
of all the teeth, being careful not to tie too tightly, and ob-
serving the patient without the necessity of other changes
(Figure 16-5). The size of the superelastic wire is not a crit-
ical variable, except that 18 mil wires should not be used in
the 18 slot appliance.

It is possible now to obtain superelastic wires that are
almost totally passive when cold, but deliver the desired
force when at mouth temperature. Placing a chilled wire is
much easier than placing a springy one, and this can be sig-
nificant advantage under some circumstances. On the other
hand, once mouth temperature has been reached, there is
no reason to expect such a thermally-sensitive wire to per-
form better than one without this feature.

FIGURE 16-4 Force-deflection curves for 16 mil A-NiTi
wires (Sentinol) prepared by the manufacturer to have different
force delivery characteristics of 50, 100, and 150 gm.
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FIGURE 16-5 Alignment of lower incisors with the superelastic equivalent of the
original "drag loop." A and B, initial; C and D, simultaneous retraction of canines with
superelastic coil springs that provide 75 grams of force, and alignment of incisors with
a superelastic NiTi wire that provides 50 grams; E and F, completion of alignment after
5 months of treatment.

The major objection to superelastic NiTi is that it is
expensive. If a large range is not necessary, a triple-stranded
17.5 mil multistranded steel wire (3 X 8 mil) offers good
properties at a fraction of the cost (Figure 16-6). In theory,
this size would be too large for effective use in 18-slot
brackets. Clinical research has shown, however, that in
both the 18 and 22 appliance, if these wires are recontoured
monthly and retied with elastomeric ligatures, the time to
alignment is equivalent to A-NiTi. 2 Force levels certainly
are more variable and patient discomfort probably is
greater than with superelastic wires, but it is difficult to
demonstrate this clinically.

The reason for this surprisingly good clinical perfor-
mance probably is that flexible arch wires allow the teeth to
move relative to each other during chewing, as alveolar
bone bends under masticatory loads (see Chapter 9). This
releases frictional binding and allows the bracket to slide
along the arch wire to the next point at which friction stops
it. But the lower cost of the steel arch wire is quickly over-
balanced by the additional clinical time necessary to retie it,

especially if it must be taken out, adjusted to remove any ar-
eas of permanent distortion, and then re-ligated.

Laboratory data and clinical experience suggest that
similar performance to the multistrand steel wire could be
obtained with M-NiTi, a variety of more elaborate multi-
strand wires (coaxial wires, for instance, that have several
smaller wires wound over a larger core wire), or with loops
in small diameter steel wires. Both M-NiTi and coaxial mul-
tistrand wires are expensive, and the time to bend loops in 14
or 16 steel wires also is expensive. These wires, though they
were the standard of treatment for initial alignment only a
few years ago, have little or no place in current therapy.

As one might expect, the extreme springiness of super-
elastic wires is not a totally unmixed blessing. When these
wires are tied into a malocclusion, they have a tendency to
"travel" around the arch as the patient chews, especially if
function is mostly on one side. Then the wire sticks out the
back of the molar tube on one side, and may come out of
the tube on the other side. Occasionally this can be extreme
enough to produce the kind of situation Mark Twain called
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FIGURE 16-7

	

One problem with superelastic wires for initial alignment is their tendency to "travel" so that
the wire slips around to one side, protruding distally from the molar tube on one side and slipping out of the
tube on the other. A, Panoramic radiograph of a patient in whom the wire traveled distally on one side to the
point that it penetrated into the ramus, almost to the depth of an inferior alveolar block injection (interestingly,
the patient reported only mild discomfort!); B, The most effective way to prevent travel is to tightly crimp a
split tube segment onto the wire between two adjacent brackets, as done here between the central incisors. The
location of the stop is not critical. Some preformed wires now have a dimple in the midline to prevent the
arch wire from sliding excessively.

"marvelous and dismaying" (Figure 16-7, A). Arch wire
travel can be prevented by crimping a stop tightly onto the
arch wire between any two brackets that are reasonably
close together (see Figure 16-7, B). A stop of this type
should be used routinely on initial superelastic wires.

Alignment in Premolar Extraction Situations. In
patients with severe crowding of anterior teeth, it is neces-
sary to retract the canines into premolar extraction sites to
gain enough space to align the incisors. In extremely severe
crowding, it is better to retract the canines independently
before placing attachments on the incisors. This can be done
either with segmental retraction loops (Figure 16-8), or by
sliding the canines along a relatively rigid wire (16 steel, for
instance) that does not contact the incisors. Sliding the
canines produces more stress on the posterior anchorage, so
critical anchorage is an indication for the retraction loops.

FIGURE 16-8 In this severely crowded child, initial retrac-
tion of the maxillary right canine is being done with a loop in 19
X 25 beta-Ti wire. The loop can be adjusted to tip the crown dis-
tally or produce bodily retraction. Independent retraction of the
canine in this way is most applicable when the canine is severely
displaced mesially or when the anchorage control strategy (see
Chapter 17) calls for canine retraction as a first stage procedure.

FIGURE 16-6

	

17.5 mil twist wire remains a good choice for initial alignment in the 22 slot
edgewise appliance, if the teeth are not severely irregular. A, Note that the twist wire in the
mandibular arch is not fully engaged in all the brackets at this point; replacement of the wire and
elastomeric ligatures will be needed to complete the alignment. B, Occlusal view of the maxil-
lary arch of a different patient. Elastomeric ties to lingual attachments are being used to facili-
tate correction of rotations. It is important to tie isolated lingual attachments so they will remain
attached to the appliance if they come loose from the tooth, so they will not be swallowed.
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In more typical and less extreme crowding, it is possi-
ble to simultaneously tip the canines distally and align the
incisors. Until recently, the best way to do this was to use a
loop arch wire of the design shown in Figure 16-9, A. The
principle is that described by Stoner 3 as a "drag loop." The
loop in the extraction site is gabled sharply and activated
slightly, producing a gentle space-closing force with an

FIGURE 16-9

	

A, For this patient a rolled or drag loop in 14 mil
steel wire is being used in the maxillary arch to tip the canine dis-
tally into the extraction site while the incisors are being aligned in-
dependently. If the loop in the extraction site is gently activated by
pulling the posterior end of the wire 1 to 1.5 mm through the mo-
lar tube and bending it up, a force is generated to tip the canine dis-
tally, as the wire segment passing through the canine is prevented
from sliding distally by the loop configuration to the mesial. As the
canine tips distally, however, the mesial loop opens up, and the ca-
nine retraction provides space for alignment of the incisors with-
out either proclining or retracting them. B, The modern equiva-
lent of the drag loop uses superelastic coil springs in conjunction
with a superelastic arch wire, to tip the canines distally while the in-
cisors align. These views show the initial arch wire and spring as-
sembly to retract the mandibular right canine, and C, 5 months
later, with the canine upright, after being tipped distally.

anti-tip moment on the posterior teeth. As the activated
distal loop closes, the loop mesial to the canine opens, al-
lowing the canine to tip back independently while the in-
cisors are being aligned.

The same independent distal movement of the canines
now can be obtained with an A-NiTi arch wire without
loops, and A-NiTi coil springs from the first molars to tip
the canines distally (Figure 16-9, B and c). When this is
done, the spring should be chosen to deliver only 50 gm,
and an arch wire preformed by the manufacturer to have an
exaggerated reverse curve of Spee should be chosen, to
limit forward tipping of the molars. As with the drag loop,
the idea is to pit distal tipping of the canines against for-
ward bodily movement of the molars.

Alignment in Nonextraction Situations. Align-
ment in nonextraction cases requires increasing arch
length, moving the incisors further from the molars. In this
circumstance, just tying a superelastic wire into the bracket
slots is ineffective. Two objects cannot occupy the same
space at the same time, so alignment cannot occur until
space to allow it is created.

With multistrand wires, the easiest way to increase
arch length during alignment is to bend a loop mesial to the
molars so that the wire is held just anterior to the incisors
before it is tied in. At subsequent appointments the adjust-
ment loop is opened, again advancing the wire slightly, un-
til the teeth come into alignment.

The superelastic equivalent of this procedure is to
crimp a stop on the wire at the molar tube, so that it holds
the wire just in front of the incisors (Figure 16-10). The
greater range of the superelastic wire means that the acti-
vation can be somewhat greater. At subsequent appoint-
ments, if more arch length is needed, an additional stop or
stops can be quickly slipped into position, without even re-
moving the wire or religating it. Obviously, this type of
arch expansion will carry the incisors facially, and so it is
not indicated in the presence of severe crowding unless in-
cisor protrusion is desired.

Alignment of Asymmetric Crowding
with the Edgewise Appliance
When all or nearly all the crowding is in one place, what is
needed is an arch wire that is rigid where the teeth are al-
ready aligned, and quite springy where they are not. Noth-
ing in this world is an unmixed blessing, and the extreme
springiness of a superelastic wire means that if it is tied into
an asymmetrically maligned arch, teeth distant to the site of
malalignment will be moved. An impacted canine is the
prime example of asymmetric malalignment. This situation
is discussed more specifically below, but it is easy to under-
stand that if a continuous superelastic wire were tied to the
impacted tooth and to the lateral incisor and premolar ad-
jacent to it, the incisor and premolar would be tipped into
the canine space the same amount that the canine was
pulled toward proper position. If one lateral incisor is
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blocked out of the arch and must be brought into position,

the same guideline applies: a superelastic wire to bring it

into alignment would move the adjacent canine and central

incisor much more than would be desired.

Until recently, asymmetric crowding usually was treated

by bending loops into 14 or 16 mil steel wire, as a way of

gaining greater springiness in the area where it was most

needed. A box loop (Figure 16-11, A) often was employed.

The same side effects that any continuous wire would pro-

duce occurred with this type of loop, but the movement of

the teeth adjacent to the displaced one was minimized by

the relative stiffness of the wire in that area compared to its

stiffness within the loop.

It is easy to add a small diameter superelastic wire as an

auxiliary spring, so that a stiff main arch (16 or 18 steel) can

be tied into all the teeth except the displaced one (or two

the same system works with small segments of two teeth).

A segment of superelastic NiTi can be laid in the brackets

on top of the main arch wire, or tied below the brackets of

the anchor teeth, and tied to the bracket on the displaced

tooth (see Figure 16-11, B and c). With this arrangement,

the correct light force to bring the displaced tooth into

alignment is provided by the NiTi wire, and the reciprocal

force is distributed over all the rest of the teeth. The result

is efficient movement of the displaced tooth, with excellent

preservation of arch form.

Note that there are two advantages of the superelastic

auxiliary wire: control of the tendency to distort arch form,

and light force against the tooth to be moved. Although

FIGURE 16-10

	

When additional arch length is needed, ad-
vanced stops in the flexible initial arch wire are useful. A, Loop
stops can be formed in a multistranded steel wire; B, Crimped
split tube segments, like those used to prevent travel, serve well as
advanced stops for superelastic initial wires.

auxiliaries of this type are recommended routinely in mod-

ern orthodontics, it would be particularly important to use

this method rather than bending loops in steel wire for

adult patients with a reduced periodontal ligament area

(see Chapter 21).

Alignment with Begg Technique
The narrow brackets used in Begg technique provide the

maximum possible interbracket span without placing loops

in arch wires. It was originally common practice with this

appliance to use loops in 16 mil steel archwires to facilitate

initial alignment (Figure 16-12, A). Indeed, loops for align-

ment were introduced into American edgewise orthodon-

tics from the early Begg appliance. In Begg technique the

initial alignment wires bypass the premolars and span from

FIGURE 16-11

	

Box loop in 14 mil steel wire to elevate a
mandibular second premolar into occlusion. A, Loop at initial
placement; B, 8 weeks later. Use of a highly resilient wire like A-
NiTi in this situation risks distortion of arch form if the super-
elastic wire is tied into all the brackets, and if only a single wire is
employed, a loop remains the preferred approach when only a sin-
gle tooth is badly malaligned. C, The most efficient way to align
a single tooth is to use a superelastic wire to bring the displaced
tooth into position, while a heavier steel wire maintains arch
form. The superelastic auxiliary can be tied on top of the heavier
arch wire in the bracket slots, or tied beneath the brackets as
shown in Figure 16-3.
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FIGURE 16-12

	

A, Alignment loops in 16 mil steel wire, in a patient wearing the Begg appli-
ance in the upper arch. B, Alignment with the modern combination anchorage technique, with a
dual-flex wire. The anterior section is NiTi, and the posterior section is steel. This dual-stiffness
wire allows the elimination of loops in Begg technique, while retaining the needed stiffness of the
posterior part of the initial arch wire. (B, Courtesy Dr. WJ Thompson.)

the molar to the canine. This long posterior span of wire
makes it difficult to use a highly flexible titanium-based
arch wire at the initial stage without losing control of mo-
lar position (see leveling, following). Although alignment
loops are used less in current Begg therapy than they were
previously,4 this remains a valuable adjunct to Begg treat-
ment. The modern alternative is a wire that is flexible in the
anterior segment and stiff posteriorly, which can be pro-
duced by varying the heat treatment during manufacture of
NiTi wires, or by combining steel and NiTi segments (see
Figure 16-12, B).

SPECIAL PROBLEMS IN ALIGNMENT

FIGURE 16-13

	

Correction of a dental anterior crossbite, as in
this young adult, almost always requires opening enough space for
the lingually displaced maxillary incisor before attempting to
move it facially into arch form.

Crossbite Correction
It is important to correct posterior crossbites and mild
anterior crossbites (one or two displaced teeth) in the first
stage of treatment. Severe anterior crossbites (all the teeth),
in contrast, are usually not corrected until the second stage
of conventional treatment, or might remain pending surgi-
cal correction. For both posterior and anterior crossbites,
it is obviously important to make the appropriate distinc-
tions between skeletal and dental problems, and to quanti-
tate the severity of the problem. The appropriate diagnos-
tic steps are discussed in Chapters 6 and 7. The assumption
here is that appropriate treatment has been selected, and
the discussion is solely about implementing a treatment
plan based on differential diagnosis.

Individual Teeth Displaced Into Anterior Crossbite.
Anterior crossbite of one or two teeth almost always is an
expression of severe crowding, and is most likely to occur
when maxillary lateral incisors that were somewhat lingually
positioned to begin with, are forced even more lingually by
lack of space. Correction of the crossbite requires first open-
ing enough space for the displaced teeth, then bringing
them into proper position in the arch (Figure 16-13).

Occlusal interferences may make this difficult. The
patient may tend to bite brackets off the displaced teeth,
and as the teeth are moved "through the bite", occlusal
force pushes them one way while the orthodontic appli-
ance pulls them the other. It may be necessary to use a bite
plate temporarily to separate the posterior teeth and cre-
ate the vertical space needed to allow the teeth to move.
The older the patient, the more likely it is that a bite plate
will be needed. During rapid growth in early adolescence,
often incisors that were locked in anterior crossbite can be
corrected without a bite plate. After that, one probably will
be required.

Transverse Maxillary Expansion by Opening the
Midpalatal Suture. It is relatively easy to widen the max-
illa by opening the midpalatal suture before and during
adolescence, but this becomes progressively more difficult
as patients become older. The chances of successful open-
ing of the suture are nearly 100% before age 15, but begin
to decline thereafter because of the increased interdigita-
tion of the sutures.'

Patients who are candidates for opening the mid-
palatal suture may have such severe crowding that even
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with this arch expansion, premolar extraction will be re-
quired. In these patients, however, separation of the su-
ture should be the first step in treatment, before either ex-
traction or alignment. The first premolar teeth are useful
as anchorage for the lateral expansion and can serve for
that purpose even if they are to be extracted later, and the
additional space provided by the lateral expansion facili-
tates alignment.

Sometimes, transverse maxillary expansion can pro-
vide enough additional space to make extraction unneces-
sary, but rarely is it wise to use sutural expansion as a means
of dealing with a crowding in an individual who already
has normal maxillary width (see Chapter 8). Opening the
midpalatal suture should be used primarily as a means of
correcting a skeletal crossbite, making a narrow maxilla
normal, not a normal maxilla abnormally wide.

In the early permanent dentition, the basic mechanism
for separation of the midpalatal suture is a jackscrew built
into a fixed appliance that is rigidly attached to as many
posterior teeth as possible. The appliance can be made so
that it has plastic palate-covering shelves or can consist
solely of a metal or plastic framework against the teeth, not
contacting the palatal tissue (Figure 16-14). In theory, the
flanges extending into the palate could cause a more bodily
repositioning of the alveolar processes, but in fact, there
seems to be little or no difference in the skeletal or dental
response to the two types of appliances. Because the palate-
covering appliance remains in contact with the soft tissue
for an extended period, however, it can cause tissue irrita-
tion. For this reason, an appliance that does not contact the
palate is preferred.

When the maxillary teeth move transversely, some ex-
trusion may occur, and even if it does not, the tooth move-
ment creates cuspal interferences that cause the mandible
to rotate down and back. In deep bite patients who are still
growing or in patients with a mild Class III tendency, this
can be advantageous, but it is a problem in long face pa-
tients with a narrow maxilla. Adding bite blocks to a
bonded expander is the best way to overcome this problem
(Figure 16-15). 6

Separation of the midpalatal suture can be produced by
either rapid (Figure 16-16) or slow expansion, and the same
type of palate-separating appliance can be used for either
approach (see Chapter 8). Whether the expansion is done
rapidly or slowly, the fixed appliance remains in place for
approximately the same length of time, because a shorter
period of stabilization is sufficient with slow expansion.
With rapid expansion, the expansion itself is carried out in
approximately 2 weeks, but the screw should then be stabi-
lized and the appliances maintained in place for 3 to 4
months of retention. With slow expansion, approximately
2 1/2 months are needed to obtain the expansion, and the
appliance can be removed in another 2 months.

Some degree of relapse can be expected after palatal
expansion because of the elasticity of the palatal soft tis-

FIGURE 16-14 Palatal expansion in adolescents requires a
rigid framework because of the heavy forces (2 to 4 pounds with
slow expansion, 10 to 20 pounds with rapid expansion) that will be
encountered. A, Haas-type expander with metal framework and
plastic shelves contacting the palatal mucosa; B, Hyrax expander
with metal framework only; C, Minn-expander, which incorpo-
rates a spring to smooth the force application but still produces
heavy force if activated rapidly. Although the various expansion
appliances look quite different, they produce similar results. A
bonded expander, retained by bonding to the enamel rather than
using bands also can be used (see Figure 16-15). With this
method, the enamel is prepared for bonding only on the facial and
lingual, but not the occlusal, surfaces; otherwise removing the ap-
pliance is too difficult.

sue. Therefore it is wise to overcorrect the crossbite ini-
tially (see Figure 16-16). Even if 3 to 4 months of stabi-
lization with the palate-separating device have been pro-
vided, additional retention of the crossbite correction is
needed when the fixed appliance is removed. A palate-cov-
ering removable retainer is satisfactory but may be some-
what awkward in combination with fixed appliances to
align the teeth as the first stage of treatment proceeds. An
alternative is a heavy labial arch wire placed in the head-
gear tubes, which will maintain the lateral expansion while
light resilient arch wires are being used to align the
teeth (Figure 16-17), or a lingual arch. The lingual arch
gives better control of root position but the heavy labial
arch can be fabricated much more quickly and easily.
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FIGURE 16-15

	

A and B, Palatal expander with bite blocks. With this design, intrusive pressure
against the posterior teeth, created by the elastic rebound of the patient's stretched soft tissues,
controls the tendency for bite opening and downward-backward rotation of the mandible that occurs
with other designs of palatal expanders. C, Cephalometric superimposition before and after expan-
sion, showing the very small mandibular rotation when expansion was done with a device of this type.
D and E, Removal of a bonded appliance of this type is facilitated by loops extending from the
appliance that can be gripped and torqued. (Courtesy Dr. David Sarver.)

Unless a direct lingual arch can be placed as soon as the
expansion appliance is removed, it is wise to use the heavy
labial arch at least temporarily.

Correction of Dental Posterior Crossbites.

	

Three
approaches to correction of less severe dental crossbites are
feasible: a heavy labial expansion arch, as shown in Figure
16-17, an expansion lingual arch, or cross-elastics. Remov-
able appliances, although theoretically possible, are not
compatible with comprehensive treatment and should be
reserved for the mixed dentition or adjunctive treatment.

The inner bow of a facebow is also, of course, a heavy
labial arch, and expansion of this inner bow is a conve-
nient way to expand the upper molars. This expansion is

nearly always needed for patients with a Class II molar
relationship, whose upper arch usually is too narrow to
accommodate the mandibular arch when it comes forward
into the correct relationship because the upper molars are
tipped lingually. The inner bow is simply adjusted at each
appointment to be sure that it is slightly wider than the
headgear tubes and must be compressed by the patient
when inserting the facebow. If the distal force of a head-
gear is not desired, a heavy labial auxiliary can provide the
expansion effect alone. The effect of the round wire in the
headgear tubes, however, is to tip the crowns outward,
and so this method should be reserved for patients whose
molars are tipped lingually.
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FIGURE 16-16

	

Rapid maxillary expansion with a jackscrew appliance to open the i>>idpalatal su-
ture. A, Maxillary constriction and crowding before treatment; B, jackscrew appliance in place, soldered
to bands on the maxillary first molars and first premolars, with an arm contacting the second premo-
lars. At this point, the appliance has been opened approximately 3 mm. Note the separation between
the maxillary central incisors. C, Occlusal view after 10 days of separation. Note the wide central di-
astema. D, Labial view after 10 days of separation. A tendency toward anterior open bite is created by
contact of the maxillary lingual and mandibular buccal molar cusps. E, Occlusal view 3 months after
separation was begun and 10 weeks after the screw was stabilized by tying it with brass wire. Note the
spontaneous closure of the diastema, which occurs because of a combination of elastic rebound of the
gingival fibers that moves the teeth together, and skeletal relapse. F, Labial view at 3 months. Over-
correction of the posterior crossbite is being maintained by the stabilized appliance.

A transpalatal lingual arch for expansion must have
some springiness and range of action. As a general princi-
ple, the more flexible a lingual arch is, the better it is for
tooth movement but the less it adds to anchorage stability.
This can be an important consideration in adolescent and
adult patients. If anchorage is of no concern, a highly flex-
ible lingual arch, like the quad helix design discussed in
Chapter 13, is an excellent choice for correction of a den-
tal crossbite. When the lingual arch is needed for both
expansion and anchorage, however, the choices are 36 mil
steel wire with an adjustment loop, or the new system that
allows the use of 32 X 32 TMA or steel wire (Figure 16-18;
see also Figure 12-38).

FIGURE 16-17

	

A heavy labial arch wire (usually 36 or 40 mil
steel) placed in the headgear tubes on first molars can be used to
maintain arch width after palatal suture opening while the teeth
are being aligned. This is more compatible with fixed-appliance
treatment than a removable retainer and does not depend on
patient cooperation.
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FIGURE 16-18 A, An expansion lingual arch of this type, using 36 mil steel wire doubled over into the
horizontal lingual sheath, is often used for small amounts of expansion in the first stage of comprehensive
treatment rather than the more flexible expansion arches shown in Chapter 14, because it also will con-
tribute to stabilization of the posterior segments later, augmenting the posterior anchorage. B, A more
efficient alternative, especially if more than a small amount of expansion is needed, is to use 32 X 32 lingual
arch brackets, in which the wire is tied as shown here, or lingual cap brackets in this size (see Figure 12-38).
Then a 32 X 32 TMA lingual arch can be used for the initial tooth movement, and a steel arch of the same
size can be placed for the later stabilization. C, Activation of a TMA lingual arch (equal on the two sides);
D, initial and, E, follow-up molar positions. (B to E, Courtesy Dr. C.J. Burstone.)

FIGURE 16-19 Cross-elastics from the lingual of the upper
molars to the buccal of the lower molars. Cross-elastics are an ef-
fective way of correcting transverse dental relationships, but they
also extrude teeth, and this must be kept in mind.

The third possibility for dental expansion is the use of

cross-elastics, typically running from the lingual of the up-

per molar to the buccal of the lower molar (Figure 16-19).

These elastics are effective, but their strong extrusive com-

ponent must be kept in mind. As a general rule, adolescent

patients can tolerate a short period of cross-elastic wear to

correct a simple crossbite, because any extrusion is com-

pensated by vertical growth of the ramus, but cross-elastics

should be used with great caution, if at all, in adults. As any

posterior crossbite is corrected, interference of the cusps

increases posterior vertical dimension and thereby tends to

rotate the mandible downward and backward, even if cross-

elastics are avoided. The elastics accentuate this tendency.

If teeth are tightly locked into a posterior crossbite re-

lationship, a bite plate to separate them vertically can make

the correction easier and faster. In children and young ado

lescents, this is rarely needed. Use of a bite plate during
transverse expansion indicates that elongation of the poste-

rior teeth and downward-backward rotation of the

mandible is an acceptable outcome.

I mpacted or Unerupted Teeth
Bringing an impacted or unerupted tooth into the arch cre-

ates a set of special problems during alignment. The most

frequent impaction is a maxillary canine or canines, but it
is occasionally necessary to bring other unerupted teeth

into the arch, and the same techniques apply for incisors,

canines and premolars. Impacted lower second molars pose

a different problem and are discussed separately.
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The problems in dealing with an unerupted tooth fall
into three categories: (1) surgical exposure, (2) attachment
to the tooth, and (3) orthodontic mechanics to bring the
tooth into the arch.

Surgical Exposure. It is important for a tooth to
erupt through the attached gingiva, not through alveolar
mucosa, and this must be considered when flaps to expose
an unerupted tooth are planned. If the unerupted tooth is in
the mandibular arch or on the labial side of the maxillary
alveolar process, a flap should be reflected from the crest of
the alveolus and sutured so that attached gingiva has been
transferred to the region where the crown is exposed (Fig-
ure 16-20). If this is not done, and the tooth is brought
through alveolar mucosa, it is quite likely that tissue will
strip away from the crown, leaving an unsightly and peri-
odontally compromised gingival margin. If the unerupted
tooth is on the palatal side, similar problems with the heavy
palatal mucosa are unlikely, and flap design is less critical.

Occasionally, a tooth will obligingly erupt into its cor-
rect position after obstacles to eruption have been removed
by surgical exposure, but this is rarely the case after root
formation is complete. Even a tooth that is aimed in the
right direction usually requires orthodontic force to bring
it into position.

Method of Attachment.

	

The least desirable way to
obtain attachment is for the surgeon to place a wire ligature
around the crown of the impacted tooth. This inevitably
results in loss of periodontal attachment, because bone de-
stroyed when the wire is passed around the tooth does not
regenerate when it is removed. Occasionally no alternative
is practical, but wire ligatures should be avoided whenever
possible.

Before the availability of direct bonding, a pin was
sometimes placed in a hole prepared in the crown of an
unerupted tooth, and in special circumstances, this remains
a possible alternative. The best contemporary approach,
however, is simply to expose an area on the crown of the
tooth and directly bond an attachment of some type to that
surface (Figure 16-21). In many instances, a button or hook
is better than a standard bracket because it is smaller. Then,
a piece of fine gold chain is tied to the attachment, and be-
fore the flap is repositioned and sutured into place, this is
positioned so that it extends into the mouth. The chain is
much easier to tie to than a wire ligature.

Mechanical Approaches for Aligning Unerupted
Teeth. Orthodontic traction to pull an unerupted tooth
toward the line of the arch should begin as soon as possible
after surgery. Ideally, a fixed orthodontic appliance should
already be in place before the unerupted tooth is exposed,
so that orthodontic force can be applied immediately. If this
is not practical, active orthodontic movement should begin
no later than 2 or 3 weeks postsurgically.

This means that orthodontic treatment to open space
for the unerupted tooth and allow stabilization of the rest
of the dental arch must begin well before the surgical ex-

FIGURE 16-20 Apically positioned flap for exposure of an
unerupted canine. A, Initial incision lines; B, crown exposed with
apical repositioning of the labial tissue; C, lingual exposure of the
same tooth.

posure. In this instance, the goals of presurgical orthodon-
tic treatment are to create enough space if it does not exist,
as often is the case; and to align the other teeth so that a
heavy stabilizing arch wire (at least 18 steel, preferably a
rectangular steel wire) can be in position at the time of
surgery. This allows postsurgical orthodontic treatment to
start immediately.

As we have noted above, an unerupted tooth is an ex-
treme example of an asymmetric alignment problem, with
one tooth far from the line of occlusion. Although a
superelastic arch wire can be used if the tooth is close to
the correct position (Figure 16-22, A), this is not recom-
mended because of the unwanted side effects. An auxiliary
NiTi wire, overlaid on the stabilizing arch in the same
way as recommended above for other asymmetric align-
ment situations, is much better (see Figure 16-22, B-D),
and now often is the most efficient way to bring an im-
pacted tooth into position. The alternatives are to use a



FIGURE 16-21

	

A, Attachment bonded to the labial surface of the crown of an unerupted
canine (same patient as Figure 16-20), with the apically repositioned flap sutured in place. An
elastomeric attachment from the arch wire to the bonded button will be used initially to bring
the canine toward the line of occlusion. Later, the button will be replaced with a bonded bracket.
B, If an unerupted incisor is labially positioned, it is important to employ an apically repositioned
flap so that a gingival attachment is preserved. Then an attachment can be bonded (C). For this
patient an elastomeric chain (D) looped around a rigid base arch wire is being used to bring the
labially positioned incisor into the arch, which may be preferred because of its better esthetics
even though mechanically this would not be as efficient as a superelastic auxiliary arch wire.

FIGURE 16-22

	

A, If an unerupted tooth is not too far out of line, a flexible arch wire like 16 A-NiTi can
be tied directly to the attachment. B, In the more usual situation, a button is bonded to whatever portion of the
tooth can be exposed, and traction (preferably by a superelastic auxiliary wire, as shown here) is applied to a
ligature wire or chain that extends through the gingiva while arch form is maintained by a heavier wire in the
bracket slots. C, Later in the same patient as in B, the auxiliary wire is hooked over the top of the button, bring-
ing the tooth (D) down into position.
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FIGURE 16-23

	

A, An auxiliary spring soldered to a base arch wire provides a long range of
action to bring an unerupted canine facially and occlusally. This is more efficient than elas-
tomeric ties. A spring bent into an arch wire also can be employed. B, A vertical spring bent into
a 14 mil steel arch wire to bring down an impacted maxillary canine, before activation; C, same
spring activated by rotating the loop 90 degrees. A stop against the molars, so that the wire
cannot just spin in the molar tubes, is essential. D, If springs of this type are used bilaterally, a
stabilizing lingual arch is essential. This method is also very effective, providing excellent force
characteristics with a long range of action.

comes impossible, and displacement of the anchor teeth
will occur. Occasionally, an unerupted tooth will start to
move and then will become ankylosed, apparently held by
only a small area of fusion. It can sometimes be freed to
continue movement by anesthetizing the area and lightly
luxating the tooth, breaking the area of ankylosis. If this
procedure is done, it is critically important to apply or-
thodontic force immediately after the luxation, since it is
only a matter of time until the tooth re-ankyloses. Never-
theless, this approach can sometimes allow a tooth to be
brought into the arch that otherwise would have been im-
possible to move.

Unerupted/Impacted Lower Second Molars.
Unlike impaction of most other teeth, which is an obvious
problem from the beginning of treatment, impaction of
lower second molars usually develops during orthodontic
treatment (Figure 16-24). This occurs when the mesial
marginal ridge of the second molar catches against the dis-
tal surface of the first molar, so that the second molar pro-
gressively tips mesially instead of erupting. Moving the
first molar posteriorly during the mixed dentition in-
creases the chance that the second molar will become im-
pacted, and this possibility must be taken into account
when procedures to increase mandibular arch length are
employed.

special alignment spring, either soldered to a heavy base
arch wire or bent into a light arch wire (Figure 16-23).

Another possibility, magnetic force to initiate move-
ment of an unerupted tooth, is especially attractive for
treatment of deeply embedded teeth because no mechan-
ical connection is required, and problems associated with
premature exposure of the unerupted tooth to the oral en-
vironment can be avoided. Magnetic attraction between
an attachment bonded to the tooth and an intraoral mag-
net would produce the tooth movement. The technique
involves bonding a small magnet to an unerupted maxil-
lary canine, and using magnetic attraction to a larger mag-
net contained within a palate-covering removable appli-
ance. 8,9 The attractive force is determined by the distance
between the magnets, and so can be controlled with good
precision. The direction of the force depends on the ori-
entation of the magnets, which also can be controlled, es-
pecially since the magnet within the removable appliance
can be positioned almost wherever desired. Unfortu-
nately, success depends entirely on the patient's coopera-
tion in wearing the removable appliance with the intrao-
ral magnet.

Ankylosis of an unerupted tooth is always a potential
problem. If an area of fusion to the adjacent bone devel-
ops, orthodontic movement of the unerupted tooth be-
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FIGURE 16-24

	

Impacted mandibular second molar in a 14-year-old patient. A, Occlusal
view, B, radiographic view. The clinically exposed cusp is the distobuccal cusp, not the
mesiobuccal cusp one would expect to see in this location. (See Figure 16-26 for treatment of
this patient.)

FIGURE 16-25

	

Brass wire separator used to de-impact a mandibular second molar. A, Sec-
ond molar trapped beneath distal bulge of first molar; B, uprighting obtained with 20 mil brass
wire tightened around the contact. Usually it is necessary to anesthetize the area to place a sep-
arating wire of this type. A spring clip can be used in the same way, but both brass wire and
spring clips are effective only if the tooth is minimally tipped.

tube on the first molar to the tube on the second molar.
This provides a light force to align the second molars while
a heavier and more rigid wire remains in place anteriorly,
which is much better than going back to a light round wire
for the entire arch just to align the second molars.

Diasterna Closure
A maxillary midline diastema is often complicated by the
insertion of the labial frenum into a notch in the alveolar
bone, so that a band of heavy fibrous tissue lies between the
central incisors. When this is the case, a stable correction
of the diastema almost always requires surgery to remove
the interdental fibrous tissue and reposition the frenum.
The frenectomy must be carried out in a way that will pro-
duce a good esthetic result and must be properly coordi-
nated with orthodontic treatment.

It is an error to surgically remove the frenum and then
delay orthodontic treatment in the hope that the diastema
will close spontaneously. If the frenum is removed while
there is still a space between the central incisors, scar tissue
forms between the teeth as healing progresses, and a long

Correction of an impacted second molar requires that
the tooth be moved posteriorly and uprighted. In most
cases, if the mesial marginal ridge can be unlocked, the
tooth will erupt on its own. When the second molar is not
severely tipped, the simplest solution is to place a separator
between the two teeth (Figure 16-25). For a more severe
problem, one possibility is to solder an auxiliary spring to
the arch wire mesial to the first molar and extend it poste-
riorly into the embrasure between the first and second mo-
lars. The long arm of such a spring gives excellent flexibil-
ity and range of action, but also makes it difficult to keep
the spring in place and may lead to substantial soft tissue ir-
ritation. A better alternative is to surgically expose the sec-
ond molar, bond a tube to the buccal surface, and then use
an auxiliary spring inserted into this tube to upright the
second molar (Figure 16-26).

An auxiliary spring often is useful to bring both upper
and lower second molars into alignment when they erupt
late in orthodontic treatment (Figure 16-27). The easiest
way to do this is to use a segment of NiTi wire (a rectan-
gular wire, usually 16 X 22, is preferred) from the auxiliary



FIGURE 16-27

	

When a second molar is banded or bonded relatively late in treatment, often it
is desirable to align it with a flexible wire while retaining a heavier arch wire in the remainder of the
arch. A, One possibility is to solder an auxiliary spring to the main arch wire so that it extends be-
neath the first molar tube as shown here. B, If the first molar carries an auxiliary tube, an auxiliary
spring can be placed into the auxiliary tube, either a steel wire with a loop as shown here, or C, a
straight segment of rectangular A-NiTi wire, usually the most efficient procedure.

FIGURE 16-26

	

Use of a bonded tube and auxiliary spring to upright a severely
impacted mandibular second molar (same patient as Figure 16-24). A, Surgical ex-
posure of a portion of the facial surface of the crown; B, tube bonded on the disto-
buccal cusp. C, helical spring from arch wire inserted into buccal tube; D, upright-
ing completed, with the second molar in position for normal banding or bonding;
E, occlusal view after uprighting.
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FIGURE 16-28

	

Management of a maxillary midline diastema. A, Facial appearance, showing the
protruding maxillary incisors caught on the lower lip; B, intraoral view before treatment; C, teeth aligned
and held tightly together with a figure-8 wire ligature, before frenectomy; D, appearance immediately
after frenectomy, using the conservative technique advocated by Edwards in which a simple incision is
used to allow access to the interdental area, the fibrous connection to the bone is removed, and the frenal
attachment is sutured at a higher level; E, facial appearance 2 years after completion of treatment;
F, intraoral view 2 years after treatment.

delay may result in a space that is more difficult to close
than it was previously.

It is better to align the teeth before frenectomy. Slid-
ing them together along an arch wire is usually better than
using a closing loop, because a loop with any vertical height
will touch and irritate the frenum. If the diastema is rela-
tively small, it is usually possible to bring the central in-

cisors completely together before surgery (Figure 16-28).
If the space is large and the frenal attachment is thick, it
may not be possible to completely close the space before
surgical intervention. The space should be closed at least
partially, and the orthodontic movement to bring the teeth
together should be resumed immediately after the frenec-
tomy, so that the teeth are brought together quickly after
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FIGURE 16-29

	

A reverse curve of Spee in the lower arch
wire, illustrated here alongside a lower arch with which it could
be used, is a satisfactory method if vertical growth will occur to
compensate for the extrusion that occurs in the premolar region.

the procedure. When this is done, healing occurs with the
teeth together, and the inevitable postsurgical scar tissue
stabilizes the teeth in their correct position instead of cre-
ating obstacles to final closure of the space.

The key to successful surgery is removal of the inter-
dental fibrous tissue. It is unnecessary, and in fact undesir-
able, to excise a large portion of the frenum itself. Instead,
a simple incision is used to allow access to the interdental
area, the fibrous connection to the bone is removed, and
the frenum is then sutured at a higher level. lo

A maxillary midline diastema tends to recur, no matter
how carefully the space was managed initially. The elastic
gingival fiber network typically did not cross the midline in
these patients, and the surgery interrupted any fibers that
did cross. As a result, in this critical area the normal mech-
anism to keep teeth in contact is missing. A bonded fixed
retainer is recommended (see Chapter 19).

LEVELING

The arch wire design for leveling depends on whether
there is a need for absolute intrusion of incisors, or whether
relative intrusion is satisfactory. This important point is
discussed in detail in Chapter 7, and the biomechanical
considerations in obtaining intrusion are described in
Chapters 9 and 10. The discussion following assumes that
an appropriate decision about the type of leveling has been
made, and focuses on the rather different techniques for
leveling by relative intrusion (which is really differential
elongation of premolars, for the most part) as contrasted to
leveling by absolute intrusion of incisors (see Figure 7-6).

Leveling by Extrusion (Relative Intrusion)
This type of leveling can be accomplished with continuous
arch wires, simply by placing an exaggerated curve of Spee
in the maxillary arch wire and a reverse curve of Spec in the
mandibular arch wire (Figure 16-29). For most patients, it
is necessary to replace the initial highly resilient alignment
arch with a slightly stiffer one to complete the leveling.
The choice of wires for this purpose is affected by whether
the 18 or 22 slot edgewise appliance is being used.

18-Slot, Narrow Brackets.

	

When preliminary align-
ment is completed, the second arch wire is almost always 16
mil steel, with an exaggerated curve of Spee in the upper
arch and a reverse curve in the lower arch. In most in-
stances, this is sufficient to complete the leveling. An alter-
native is to use 16 or 18 mil M-NiTi, preformed by the
manufacturer with an extremely exaggerated curve. The
extreme curve is needed to generate enough force, but this
can lead to problems if patients miss appointments, so these
wires are not recommended for routine use.

In some patients, particularly in nonextraction treat-
ment of older patients who have little if any remaining
growth, an arch wire heavier than 16 mil steel is needed to
complete the leveling of the arches. Rather than use an
18 mil arch wire, it is usually quicker and easier to add an

FIGURE 16-30

	

An auxiliary leveling arch (usually 17 X 25
steel) extending from the auxiliary tubes on the first molars and
tied beneath the base arch anteriorly can be used to augment the
leveling ability of continuous arch wires. With a continuous base
arch wire, the effect is primarily premolar extrusion, not the in-
cisor intrusion that a similar auxiliary arch could produce with
base arch segments, but this often is what is desired in growing
children. (See Figure 16-37, D, for an additional illustration of an
auxiliary depressing arch to assist in leveling the lower arch with
a continuous base arch.)

auxiliary leveling arch of 17 X 25 mil TMA or steel. This
arch inserts into the auxiliary tube on the molar and is
tied anteriorly beneath the 16 mil base arch (Figure 16-
30). In essence, this augments the curve in the base arch
and results in efficient completion of the leveling by the
same mechanism as a single continuous wire. Although
the auxiliary wire gives the appearance of our intrusion
arch, leveling will occur almost totally by extrusion as long
as a continuous rather than segmented wire is in the
bracket slots.

It is sometimes said, as an argument in favor of the 22-
slot appliance, that the wires available for use with the 18-
slot appliance are not large enough to accomplish all nec
essary tooth movements. One of the few situations in which
that may be true is in final leveling with continuous arch
wires, which may require either a continuous 18 mil steel
arch wire or the auxiliary wire suggested previously.



FIGURE 16-31

	

A, Illustration of 16 mil steel arch wires for leveling in the first stage of Begg technique. An "an-
chor bend" is placed mesial to the first molar, and the arch wire is lightly ligated or clipped as it passes the second
premolar, rather than being pinned into the bracket on these teeth. B, Similar bends are placed in the initial wires
with the modern Begg-edgewise techniques, as here with the TipEdge appliance. (B, Courtesy Dr. PC Kesling.)
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22-Slot, Wider Brackets.

	

For atypical patient using
the 22-slot appliance, initial alignment with a 17.5 mil twist
or 16 mil A-NiTi wire is usually followed by a 16 mil steel
wire with a reverse or accentuated curve, and then by an
18 mil round wire to complete the leveling. This arch wire
sequence is nearly always adequate for completion of level-
ing, and it is rare that 20 mil wire or an auxiliary arch wire
is required.

With either slot size, it is an error to place a rectangu-
lar arch wire with an exaggerated curve of Spee, because the
curve creates torque to move the incisor roots lingually. Al
most always that is undesirable in the lower arch. Inadver-
tent torque of lower incisor roots is one of the commonest
mistakes with the edgewise appliance. The arch should be
level before a rectangular wire is placed, and torque in any
rectangular wire should be monitored carefully.

Leveling by Intrusion
Leveling by intrusion requires a mechanical arrangement
other than a continuous arch wire attached to each tooth (see
Chapter 10). The key to successful intrusion is light contin-
uous force directed toward the tooth apex. It is necessary to
avoid pitting intrusion of one tooth against extrusion of its
neighbor, since in that circumstance, extrusion will domi-
nate. This can be accomplished in two ways: (1) with contin-
uous arch wires that bypass the premolar (and frequently the
canine) teeth, and (2) with segmented base arch wires (so that
there is no connection along the arch between the anterior
and posterior segments) and an auxiliary depressing arch.

Bypass Arches.

	

This approach to intrusion is most
useful for patients who will have some growth (i.e., who are
in either the mixed or early permanent dentitions). Three
different mechanical arrangements are commonly used,
each based on the same mechanical principle: uprighting
and distal tipping of the molars, pitted against intrusion of
the incisors.

A classic version of this approach to leveling is seen in
the first stage of Begg technique, in which the premolar

teeth are bypassed and only a loose tie is made to the ca-
nine. A 16 mil resilient steel arch wire is fabricated as
shown in Figure 16-31, using an "anchor bend" anterior to
the first molar. The long span of the arch wire anterior to
the anchor bend provides a gentle intrusive force on the in-
cisors, while the reaction force on the molar tends to up-
right it and tip it distally. Light Class II elastic forces are
used while this arch wire is in place. The result is stabiliza-
tion of the lower molar against the distal tipping, at the cost
of some extrusion of the molar. Hence there is a need for
vertical growth while this treatment is being carried out, to
prevent downward and backward rotation of the mandible.
The light arch wire, however, does intrude the lower in-
cisors. The upper incisors are being pulled downward by
the Class II elastic, which counterbalances the intrusion
these teeth otherwise might experience.

Exactly the same effect can be produced in exactly the
same way using the edgewise appliance, if the premolars
and canines are bypassed. Mulligan advocated just this
approach to the fabrication of a leveling arch wire, using a
16 mil steel wire with an anchor bend similar to the initial
arch wire in the Begg technique,

I I and these ideas for treat-
ment with a "2 X 4" appliance (only 2 molars and 4 incisors
included in the appliance set-up) have been presented more
formally recently. 12

A more flexible variation of the same basic idea is de-
veloped in Rickett's utility arch (Figure 16-32). 13 The util-
ity arch is characterized by step-down bends between the
first molar and the lateral incisors, so that the arch wire is
less likely to be distorted by the forces of occlusion. It is
fabricated of 16 X 16 mil wire, used in 18-slot brackets. In
most cases, the rectangular wire is placed into the brackets
with slight labial root torque to control the inclination of
the teeth as the incisors move labially while they intrude.
This results in a complex mechanical system, however, that
becomes difficult to control (see discussion in Chapter 10).

Successful use of any of these bypass arches for level-
ing requires that the forces be kept light. This is accom-
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utility arch setup, the second molar and second premolar
can be incorporated into the posterior segment for better
anchorage control.

The second weakness is that the intrusive force against
the incisors is applied anterior to the center of resistance,
and therefore the incisors tend to tip forward as they in
trude (Figure 16-33). Without an extraction space, forward
movement of the incisors is an inevitable consequence of
leveling, but often in extraction cases, this result is undesir-
able. The anchor bend at the molar in the Begg approach
creates a space-closing effect that somewhat restrains for-
ward incisor movement (Figure 16-34), but this also tends
to bring the molar forward, straining the posterior anchor-
age. The same thing happens for the same reason with a
Mulligan bypass arch or a utility arch. A utility arch can be
activated to keep the incisors from moving forward and has
the additional benefit of a rectangular cross-section anteri-
orly so that tipping can be controlled, but the result is still

plished in two ways: by selecting a small diameter arch
wire, and by using a long span between the first molar and
the incisors. Wire heavier than 16 mil steel should not be
used, and Ricketts recommended a relatively soft 16 X 16
cobalt-chromium wire for utility arches to prevent heavy
forces from being developed. A more modern recommen-
dation would be 16 X 22 beta-Ti wire. Whatever the wire
choice, overactivation of the vertical bends can cause loss of
control of the molars in all three planes of space.

The 16 mil steel wires typically used in bypass arches,
though resilient, are too stiff for efficient alignment of se-
verely malposed incisors, even if loops are bent into the
wire between adjacent teeth. Small rotations or displace-
ments can be corrected simply by tying to a 16 mil wire and
gradually bringing the wire into the bracket slot, particu-
larly if the brackets are narrow so that interbracket span is
adequate. Where significant malpositions exist, however, it
is better to correct the alignment with a resilient wire, per-
haps using only a resilient anterior segment, before tying a
round or rectangular bypass arch into the brackets. If in-
trusion is desired from the beginning, an auxiliary arch for
this purpose can be used along with the anterior alignment
segment, as described below.

In contrast to leveling with continuous fully engaged
arch wires, the size of the edgewise bracket slot is largely ir-
relevant when bypass arches for leveling are used. Whether
the appliance is 18- or 22-slot, the bypass arch should not
be stiffer than 16 mil steel wire.

Two weaknesses of the bypass arch systems limit the
amount of true intrusion that can be obtained. The first is
that, except for some applications of the utility arch, only
the first molar is available as posterior anchorage. This
means that significant extrusion of that tooth may occur. In
actively growing patients with a good facial pattern, this is
not a major problem, but in nongrowing patients or those
with a poor facial pattern in whom molar extrusion should
be avoided, the lack of posterior anchorage compromises
the ability to intrude incisors. High-pull headgear to the
upper molars can be added with any of the bypass arch sys-
tems to improve upper posterior anchorage, and with a

FIGURE 16-32

	

Utility arches for leveling, showing the long
span from molars to incisors that makes it possible to produce
absolute intrusion.

FIGURE 16-34

	

Diagrammatic representation of forces from
a leveling arch wire that bypasses the premolars, with an anchor
bend mesial to the molars. A force system is created that elongates
the molars and intrudes the incisors. The wire tends to slide pos-
teriorly through the molar tube, tipping the incisors distally at the
expense of bodily mesial movement of the molars. An arch wire of
this design is used in the first stage of Begg treatment but also can
be used in edgewise systems. A long span from the molars to the
incisors is essential.

FIGURE 16-33

	

When the incisor segment is viewed from a
lateral perspective, the center of resistance is lingual to the point
at which an arch wire attaches to the crown. For this reason, the
incisors tend to tip forward when an intrusive force is placed at the
central incisor brackets. This tendency toward labial tipping can
be controlled either by applying a force to tip the incisors distally
as they are being intruded, canceling the mesial tipping, or by
applying the intrusive force more posteriorly, as by attaching an
intrusion arch to stabilized anterior segment more distally, in the
vicinity of the lateral rather than the central incisors, for instance
(see Figure 16-38).



FIGURE 16-35

	

Mandibular stabilizing lingual arch in 36 mil steel wire, used for anchorage
control in segmented arch leveling. A, Distal insertion into the horizontal tube on the first
molar; B, the wire must clear the anterior segment, lying lingually and gingivally to these teeth.
C, Maxillary transpalatal arch for anchorage control during intrusion, soldered to the first mo-
lar bands. This is effective for anchorage, but the lingual arch must be removed during finishing,
and it can be awkward and difficult to cut it free. D, The typical removable transpalatal lingual
arch uses a doubled-over segment of the wire to insert from the mesial into a horizontal tube.
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a strain on posterior anchorage (see Chapter 10 for a de-
tailed discussion).

The segmented arch approach to leveling developed
by Burstone, which overcomes these limitations, is recom-
mended for maximum control of the anterior and posterior
segments of the dental arch.

Segmented Arch wires for Leveling. The seg-
mented arch approach depends on establishing stabilized
posterior segments and controlling the point of force ap
plication against an anterior segment. This technique re-
quires auxiliary rectangular tubes on first molars, in addi-
tion to the regular bracket or tube. After preliminary
alignment if needed, a full dimension rectangular arch wire
is placed in the bracket slots of teeth in the buccal segment,
which typically consists of the second premolar, first molar,
and second molar. This connects these teeth into a solid
unit. In addition, a heavy lingual arch (36 mil round or 32
X 32 rectangular steel wire) is used to connect the right and
left posterior segments, further stabilizing them against
undesired movement (Figure 16-35). A resilient anterior
segmental wire is used to align the incisors, while the
posterior segments are being stabilized.

For intrusion, an auxiliary depressing arch placed in
the auxiliary tube on the first molar is used to apply intru-
sive force against the anterior segment. This arch should be
made of rectangular wire that will not twist in the auxiliary
tube. Burstone recommends 18 X 25 steel wire with a 2

1/2-turn helix (Figure 16-36), or 19 X 25 TMA wire with-
out a helix.14 More recently, preformed NiTi intrusion
arches have been offered commercially, making the use of
an auxiliary arch wire more convenient.'' This depressing
arch is adjusted so that it lies gingival to the incisor teeth
when passive and applies a light force (10-15 gin per tooth,
depending on root size) when it is brought up beneath the
brackets of the incisors. It is tied underneath the incisor
brackets, but not into the bracket slots, which are occupied
by the anterior segment wire.

An auxiliary depressing arch can be placed while a light
resilient anterior segment is being used to align malposed
incisors, but it is usually better to wait to add the depress
ing arch until incisor alignment has been achieved and a
heavier anterior segment wire has been installed. A braided
rectangular steel wire or a rectangular TMA wire is usually
the best choice for the anterior segment while active intru-
sion with an auxiliary depressing arch is being carried out.

Two strategies can be used with segmented arches to
prevent forward movement of the incisors as they are in-
truded. The first is the same as with bypass arches: a space
closing force can be created by tying the depressing arch
back against the posterior segments (see Figure 16-34).
Even with stabilized posterior segments, this produces
some strain on posterior anchorage.

The second and usually preferable strategy is to vary
the point of force application against the incisor segment.



FIGURE 16-36

	

Segmented arch technique for leveling by intrusion of the lower incisors. A, Af-
ter preliminary alignment, an anterior segment of 17 X 25 braided steel wire has been placed in the
mandibular anterior segment. Posterior segments are stabilized, and a 17 X 25 steel depressing arch
is placed in auxiliary tubes on the first molars and tied beneath the incisor brackets anteriorly; B, lat-
eral view of appliance at initial activation; C, lateral view, 8 weeks later; D, cephalometric superimpo-
sition showing the amount of intrusion obtained in 3 months.
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terior segments, simply by placing the utility arch into an
auxiliary tube on the first molar (an arrangement recom-
mended by Ricketts for older patients). With this alteration
(Figure 16-39), the ratio of intrusion to extrusion improves.
For adults, however, to control anterior tipping, it is advan-
tageous to tie the depressing arch beneath a separate base
arch wire anteriorly, rather than tying directly into the in-
cisor brackets as is usually done with a utility arch.

At the conclusion of the first stage of treatment, the
arches should be level, and teeth should be aligned to the
point that rectangular steel arch wires can be placed without
an exaggerated curve and without generating excessive
forces. The duration of the first stage, obviously, will be de-
termined by the severity of both the horizontal and vertical
components of the initial malocclusion. For some patients,
only a single initial arch wire will be required, while for oth-
ers, several months may be needed for alignment, and sev-
eral more months for segmental leveling, before the next
stage can begin. As a principle of treatment, it is important
not to move to the second stage of treatment until both
leveling and alignment are adequate.

If the anterior segment is considered a single unit (which is
reasonable when a stiff arch wire connects the teeth within
the segment), the center of resistance is located as shown in
Figure 16-33. Tying the depressing arch distal to the mid-
line, between the central and lateral incisors, or distal to the
laterals (Figure 16-37), also brings the point of force appli-
cation more posteriorly so that the force is applied more
nearly through the center of resistance (Figure 16-38).
This prevents anterior tipping of the incisor segment with-
out causing anchorage strain.

Even with the control of posterior anchorage obtained
by placing rectangular stabilizing segments and an anchor-
age lingual arch, the reaction to intrusion of incisors is ex
trusion and distal tipping of the posterior segments. With
careful attention to appropriate technique with the seg-
mented arch approach, it is possible to produce approxi-
mately four times as much incisor intrusion as molar extru-
sion in nongrowing adults. Although successful intrusion
can be obtained with round bypass arches, the ratio of ante-
rior intrusion to posterior extrusion is much less favorable.
A utility arch can be used in conjunction with stabilized pos-
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FIGURE 16-37

	

Segmented arch application for intrusion of maxillary incisors. A, The de-
pressing arch in the vestibule, before activation. It is adjusted so that it provides about 50 gm of
force, B, when it is deflected down to the level of the brackets. C, Buccal view showing the 2 1/2
turn helix used in steel wire. For this patient, the depressing arch is tied in the midline because
it is desirable for the incisors to tip forward as they depress. D, Buccal view of another patient.
Note that the intrusion arch is tied between the lateral incisors and canines, moving the point of
force appliance nearer the center of the resistance of the anterior segment to prevent labial tip-
ping of the incisors during the intrusion. In this patient, an auxiliary wire also is being used in
the lower arch, but to supplement the continuous arch that is in place. The lower leveling will
occur largely by elongation of the canine and premolar, rather than by intrusion of the incisors.

FIGURE 16-39

	

Utility arch inserted in auxiliary tube on molars, to in-
trude maxillary incisors while alignment loops are used in the buccal seg-
ments. Loops like those shown in this utility arch have two purposes: they
decrease stiffness, so a larger wire than 16 x 16 steel can be used, and they
can be activated to exert a distal or space-closing effect, providing a force to
counteract the labial tipping of incisors that otherwise would occur.

FIGURE 16-38 Tying an auxiliary depressing arch
distal to the midline, as shown in Figure 16-37, moves the
line of force more posteriorly and therefore closer to the
center of resistance of the anterior segment, diminishing or
eliminating the moment that causes tipping. Compare this
figure with Figure 16-33.
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The Second Stage of Comprebensive
Treatment: Correction of Molar
Relationship and Space Closure

Correction of molar relationship

Correction of molar relationship by differential growth

Correction by distal movement of upper molars

Differential anteroposterior tooth movement, using

extraction spaces

Correction with interarch elastics

Closure of extraction spaces

Moderate anchorage situations

Maximum incisor retraction (maximum anchorage)

Minimum incisor retraction

At the beginning of the second stage of treatment, the
teeth should be well-aligned, and any excessive or reverse
curve of Spee should have been eliminated. The objectives
of this stage of treatment are to correct molar and buccal
segment relationships to provide normal occlusion in the
anteroposterior plane of space, close extraction spaces or
residual spaces in the arches, and correct excessive or neg-
ative overjet. This is possible only if the jaw relationships
are reasonably correct-which means that surgery must be
considered for the most severe problems. Indications for
surgical treatment and the orthodontic-surgical interaction
are discussed in Chapter 22.

CORRECTION OF MOLAR RELATIONSHIP

Correction of the molar relationship nearly always involves
moving from a Class 11 or partially Class 11 relationship to
Class 1, although occasionally the treatment will be aimed
at a Class III problem. Excluding surgery to reposition the
jaws, there are two possibilities (1) differential growth of

the jaws, guided by extraoral force or a functional appli-
ance, or (2) differential anteroposterior movement of the
upper and lower teeth-with or without differential closure
of extraction spaces. These approaches are not mutually ex-
clusive, but growth modification is most successful in
preadolescent children, so in the permanent dentition most
of the correction usually has to be obtained by tooth move-
ment intended to camouflage any skeletal contribution to
the malocclusion.

Differential Growth in Adolescent
Class II Treatment
The use of extraoral force or functional appliances to influ-
ence jaw growth is discussed in some detail in Chapter 15.
The different timing of skeletal growth in males and fe-
males must be kept in mind when this approach is used.
During adolescence, the mandible tends to grow forward
more than the maxilla, providing an opportunity to im-
prove a skeletal Class 11 jaw relationship. Girls mature con-
siderably earlier than boys and are often beyond the peak of
the adolescent growth spurt before the full permanent den-
tition is available and comprehensive orthodontic treat-
ment can begin. Boys who mature more slowly and have a
more prolonged period of adolescent growth, are much
more likely to have a clinically useful amount of anteropos-
terior growth during comprehensive treatment.

Whether extraoral force (headgear) or a functional
appliance is used to modify growth in Class 11 patients, a
favorable response includes both restraint of maxillary
growth and differential mandibular growth. Headgear is
more compatible with the fixed appliances needed for
comprehensive treatment, and functional appliance ther-
apy alone is unlikely to provide a satisfactory result in the
early permanent dentition. In skeletally immature patients
with a permanent dentition, there is nothing wrong with a
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first phase of functional appliance treatment even though

	

An ideal patient for headgear in the early permanent
the permanent teeth have erupted, and then a fixed appli-

	

dentition is a 12- to 14-year-old boy with a Class II prob-
ance to obtain detailed occlusal results, but it is likely that

	

lem, whose skeletal maturity is somewhat behind his stage
the functional appliance therapy will have to be modified

	

of dental development, and who has good growth potential
or discontinued when the fixed appliance treatment be-

	

(Figure 17-1). Boys at age 13, it must be remembered, are
gins. Although many clinicians would like to believe that

	

on the average at the same stage of maturation as girls at 11,
Class II elastics (or fixed springs that have the same effect)

	

and significant skeletal growth is almost always continuing.
can influence growth as well as move teeth, the evidence

	

On the other hand, girls at age 13 are, on the average, at the
indicates that growth modification is unlikely with a "fixed

	

same developmental stage as boys at 15, and by this time,
functional" unless the rigid coupling of a Herbst appliance

	

clinically useful changes in jaw relationship from growth
is used.'

	

guidance are unlikely.

FIGURE 17-1

	

Class 11 correction in a 13-year-old boy, using extraoral force to the maxilla. A, Dental
casts before and after treatment; B and C, cephalometric superimposition showing treatment changes.
Note the large amount of vertical growth, which allowed the maxilla and maxillary dentition to be dis-
placed distally as they moved vertically, while the mandible grew downward and forward. As the maxillary
and mandibular superimpositions show, overbite was corrected by relative intrusion (i.e., the lower incisors
were held at the same vertical level while the molars erupted). There was relatively more eruption of the
mandibular than the maxillary molar, reflecting the upward-backward direction of headgear force, and
only a small amount of distal driving of the upper molars.
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Although correction of molar relationship is a major
goal of the second rather than the first stage of treatment,
extraoral force should be applied against the first molars
from the beginning in any patient for whom molar correc-
tion by differential growth is desired. There is no reason to
wait for alignment and leveling to be completed, especially
since every passing day decreases the probability of a favor-
able growth response. The extraoral force can also help
control anchorage during alignment.

Although the main purpose of extraoral force is growth
modification, some tooth movement in all three planes of
space inevitably accompanies it. When there is good verti
cal growth and the maxillary molars are allowed to elon-
gate, the maxillary teeth erupt downward and backward,
and spaces may open up in the maxillary arch. Even though
the extraoral force is applied against the first molar, it is un-
usual for space to develop between the first molar and sec-
ond premolar. Instead, the second and, to a lesser degree,
the first premolars follow the molars. The result is often a
space distal to the canines, along with a partial reduction of
overjet as the jaw relationship improves (Figure 17-2).

When this result occurs, the preferred approach is to
consolidate space within the maxillary arch at a single lo-
cation, using elastomeric chains to bring the canines and
incisors into an anterior segment and the molar and pre-
molars into a posterior segment. When the molar rela-
tionship has been corrected, the residual overjet is then re-
duced by retracting the incisors in this nonextraction
patient in exactly the same way as in a patient who had a
first premolar extraction space (see the following discus-
sion). Extraoral force should be continued until an intact
maxillary arch has been achieved. Discontinuing it when
only the molar relationship has been corrected is unwise,
both because the maximum skeletal effect probably has not
been obtained at that point, and because the retraction of
the incisor teeth requires posterior anchorage, which can
be reinforced by the headgear.

Correction by Distal Movement
of Upper Molars
The concept of "distal driving" of the maxillary posterior
teeth has a long orthodontic history. After early cephalo-
metric studies showed that little or no distal movement of
upper molars was produced by the Class II elastic treatment
of that era, headgear was re-introduced as a means of
moving the upper molars back. More recently, palatal an-
chorage has been used to create distal movement of upper
molars, to create a space into which the anterior teeth can
be retracted.

Although the modern methods discussed below have
improved the situation, Class II correction by distal move-
ment of upper molars has definite limits that it is impor
tant to understand and respect. With headgear, it is now
clear that significant distal positioning of the upper poste-
rior teeth relative to the maxilla occurs primarily in pa-
tients who have vertical growth and elongation of the
maxillary teeth (see Figure 17-1). Without this, it is diffi-
cult to produce more than 2 to 3 mm of distal movement
of the upper molars, unless the upper second molars are
extracted (see p. 558). Appliances based on palatal anchor-
age are somewhat more successful in moving upper molars
back, but complete Class II correction by this mechanism
is unlikely.

Molar Rotation as a Factor in Distalization.

	

In pa-
tients with mild to moderate skeletal Class II malocclusion,
the upper molars are likely to have rotated mesially around
the lingual root (see Figure 17-2, C), and merely correcting
the rotation changes the occlusal relationship in a Class I
direction. This can be done with a transpalatal lingual arch,
an auxiliary labial arch, or the inner bow of a facebow.
Sometimes upper molars are so mesially rotated that it is
difficult or impossible to insert a facebow until the rotation
has been partially corrected with a more flexible appliance.

Rotation correction is the first step in Class II treat-
ment of almost every type.

FIGURE 17-2

	

Space tends to open up within the maxillary arch when extraoral force to the upper first
molars is used and the patient grows well. A, Occlusal view before treatment; B, same patient after 12
months of treatment with only a headgear. C, In patients with Class 11 malocclusion, the upper molars
usually are rotated mesially, and part of the apparent backward movement of the first molar is a distal ro-
tation of the buccal cusps as the tooth rotates around its lingual root. This type of rotation can be pro-
duced by a facebow or by a transpalatal lingual arch. In B, note the spacing in the premolar area, as gin-
gival fibers produce distal rotation of these teeth also. When a complete fixed appliance is placed at this
stage, one of the first steps is consolidation of the space distal to the canines.
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Palatal Anchorage Systems for Distal Movement
of Molars. Mesial movement of teeth is easier than dis-
tal movement, simply because there is much more resis
tance to distal movement. Successful distal movement of
molars, therefore, requires more anchorage than can be
supplied by just the other teeth. The relative stability of
the anterior palate, both the soft tissue rugae and the cor-
tical bone beneath them, is one possibility for obtaining
this additional anchorage. Although removable appliances
contact the palate, they are not effective in moving molars
back, probably because they do not fit well enough. A fixed
appliance that stabilizes the premolars and includes a plas-
tic pad contacting the rugae is needed. Fortunately, most
patients tolerate this with minimal problems, but contact-

ing the palatal tissue has the potential to cause significant
tissue irritation, to the point that the appliance has to be
removed.

There are several possibilities for generating the molar
distalizing force. A-NiTi coil springs produce an effective
and nearly constant force system for the distal movement.'
Magnets in repulsion also can be used quite effectively
(Figure 17-3), but the A-NiTi springs have the additional
advantage of being less bulky (see Figure 8-42) and usually
are a better choice. The pendulum appliance, developed by
Hilgers, 3 uses beta-Ti springs that extend from the palatal
acrylic and fit into lingual sheaths on the molar tube
(Figure 17-4). The effects of this appliance illustrate the
potential of palatal anchorage for molar distalization.

FIGURE 17-3

	

The use of magnets in repulsion to distalize maxillary first molars. A, Sta-
bilizing lingual arch from second premolars, with one magnet attached to the premolar and
the other to the first molar on the right side; B, Facial view of the magnet assembly. Note
the arrangement for repositioning the premolar magnet as the molar moves back, to main-
tain the force; C, Progress: space opened at the rate of about 1 mm/month; D, Nance arch
in place to maintain the molars (the left molar was distalized for 3 months, the right molar
for 6 months) while distal drift of premolars occurs. A complete fixed appliance was placed
a few months later to complete the treatment. (Courtesy Dr. Wick Alexander.)

FIGURE 17-4

	

Pendulum appliance for molar distalization. A, appliance on cast, with
the distalization springs not inserted into the molar tubes; B, Appliance in the mouth, with
the springs activated. (Courtesy E Blyloff and M.A. Darendeliler.)
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In a small but well-characterized sample of patients
who were treated to a super-Class I molar relationship
with the pendulum appliance activated to produce 200 to
250 grams (Figure 17-5), Blyloff et al found that molar
movement averaged just over I mm/month (1.02 ± 0.68),
with a considerable degree of distal tipping of the crown
and an elevation of the molar (Figure 17-6).4 As one would
expect, despite the contact of the appliance with the
palate, the premolars and incisors were tipped anteriorly,
but the molar moved distally 2 to 3 times as far as the an-
chor teeth. When the appliance was modified to minimize
distal tipping of the molar, the distal movement of the mo-
lar crown was similar, but greater distal movement of the
roots was obtained at the cost of increased treatment time
and some additional forward movement of the incisors
(Figure 17-7). 5

However the molars were moved distally, they must be
held there while the other teeth are then retracted to cor-
rect the overjet. It is one thing to move molars back, and
something else to maintain them in that position. Simply
leaving the distalization appliance in place for 2 to 3 months
leads to distal movement of the premolars by stretched
gingival fibers, but as soon as the original premolar-based
lingual arch and palatal pad are removed, a new lingual
arch and pad from the distalized molars must be placed (see
Figure 17-6). Even so, especially if the molar tipped dis-
tally, it will tip mesially again as the space closes. Placing a
tip-back in the distalizing springs will keep the molar more
upright and minimize relapse, but this increases the extru-
sive tendency, so as with headgear, the most successful
molar distalization with the pendulum appliance occurs in
patients who have vertical growth during their treatment.

FIGURE 17-5

	

Correction of a Class 11 molar relationship by distalization of the upper molars with a
pendulum appliance. A, Pendulum appliance with expansion screw and tip-back bends in the distalization
springs, after eight months of treatment including slow expansion; B, panoramic radiographs before and,
C, after distalization; D, cephalometric radiograph showing distalization; E, cephalometric superimposi-
tion showing the tooth movement achieved for this patient. Note that distal movement of the roots as well
as the crowns of the molars was achieved despite modest tipping of the molars. Despite the palatal an-
chorage, 4 mm distal movement of the molar was accompanied by 1.5 mm mesial movement of the in-
cisors. (Courtesy E Blyloff and M.A. Darendeliler.)
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Force from Class Il elastics also can be used to push
the upper molars distally, but there are two problems.
First, the elastics extrude the lower molars, which means
that downward-backward rotation of the mandible will
occur unless the patient has some vertical growth during
the period of treatment. Second, there is the risk of con-
siderably more mesial movement of the lower teeth than
distal movement of the upper teeth (Figure 17-8). If
Class II elastics are used to drive upper molars distally, it
is preferable at first to apply the elastic force against the
first molars alone via sliding jigs, as illustrated in Figure

17-9. The upper archwire is reduced in size posteriorly to
allow freer sliding, the lower arch is stabilized with a full
dimension rectangular archwire, and the force of the
elastics is reduced to about 100 gm (3 to 4 oz). This pro-
cedure is important not only to control forward tipping
of the mandibular teeth but also to maintain transverse
control of the lower arch. Class II elastics tend to widen
the lower molars to the point that they can produce a
molar crossbite. A heavy rectangular archwire, slightly
constricted across the molars, is needed to prevent this
complication.

FIGURE 17-6

	

After molar distalization, it is important to hold the molar in position
and allow distal drift of premolars to occur before placing a fixed appliance to complete
the alignment of the teeth. A, Corrected molar relationship after distalization; B, lingual
arch to hold distalized molars; C, fixed appliance in place (note the self-ligating brackets)
after 6 months of premolar and canine drift with the lingual arch holding the molar largely
closed the space and brought the teeth into alignment; D, completion of treatment. (Cour-
tesy E Blyloff and M.A. Darendeliler.)

FIGURE 17-7

	

A, Mean changes in a sample of 13 patients with activation of a pendulum appliance
with 250 gm force and no tipback bends; B, mean changes in 20 patients with a similar pendulum appli-
ance incorporating tipback bends. The tipback bends reduced tipping of the molar as it moved distal and
led to greater distal movement of the roots at the cost of increased displacement of the incisors and
increased treatment time. (Redrawn from Blyloff et al: Angle Orthod 67:255-265, 1997.)
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FIGURE 17-10

	

After extraction of maxillary second molars,
extraoral force can successfully move the maxillary dentition pos-
teriorly, as this cephalometric superimposition shows. To achieve
this effect, extraoral force must be applied nearly full time, to pro-
mote efficient tooth movement. The effective limit of movement
of this type is 4 to 5 mm. (Retraced from Armstrong M.M.: Am

Orthod 59:217-243, 1971.)

FIGURE 17-8 Cephalometric superimposition showing the
response to Class II elastics in a girl in whom this was the major
method for correcting a Class II malocclusion. Note that with
rectangular archwires, some torque of the upper incisors was
obtained. The rotational effects often associated with Class II elas-
tics were less apparent for this patient than is sometimes the case
(see also Figure 17-19), but the considerably greater forward dis-
placement of the lower arch than retraction of the upper is typical.

FIGURE 17-9

	

A "sliding jig" as illustrated here can be used
to transfer Class II elastic force to the posterior segment of the
maxillary arch. Rather than attaching to the maxillary archwire
or anterior teeth, the elastic is hooked to the front part of the jig,
which contacts the mesial surface of the first molar. In typical
use, a jig later is shortened to apply the Class II force to the sec-
ond premolar.

Once the upper molar has been moved into a correct
relationship, the jig is altered and force applied against the
second premolars. As a final step, Class II elastic force to
the archwire is continued as the space between the first and
second premolars is closed. With this approach, even
though relatively light force is distributed over all the lower

teeth, the elastics must be worn for a long time, and mesial
movement of the lower arch is an inevitable side effect.

Distalization of First Molars After Second Molar Ex-
traction.

	

Moving upper first molars distally is much easier
if space is created by extracting the upper second molars.
Then vertical growth is not so critical in moving the first
molars back, but even so, total Class 11 correction cannot be
expected (Figure 17-10). For this reason, extraction of upper
second molars to camouflage a skeletal Class II relationship
should be considered only when specific indications are pre-
sent (see Chapter 8). The key to success is a force system that
moves the first molars and then the other teeth back without
reciprocal protrusion of the anterior teeth.

For this purpose, headgear is an obvious choice. To
produce tooth movement, extraoral force of moderate in-
tensity with long duration is needed. Skeletal effects in
rapidly growing patients can be achieved with fewer hours
per day of headgear wear than are necessary to successfully
move teeth. The patient must wear the headgear full-time
or nearly so to move the maxillary teeth posteriorly. Molar
extrusion should be avoided, so straight-pull or high-pull
-but not cervical-headgear is indicated. The force mag-
nitude should be large enough to simultaneously reposition
all the maxillary teeth, which means that with an archwire
tying the teeth together, the force should be approximately
300 gm on each side. Existing data show that with this ap-
proach, there is an excellent chance of clinical success, and
that there is a 75% to 80% chance of maxillary third mo-
lars erupting into an acceptable position. 6

Palatal anchorage is the other obvious choice and as
one would expect is more successful in moving the first mo-
lar distally when the resistance of the second molar has
been removed. Force levels against the first molar should
be lower in second molar extraction cases. Bodily move-
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present and one side of the maxillary arch is crowded but
the other is not. In patients past the adolescent growth
spurt who still have at least a little vertical growth remain-
ing, extraction of one upper second molar and asymmetric
cervical headgear can produce a satisfactory treatment
outcome (Figure 17-11).

ment-not just tipping-is needed, and as with any tech-
nique that opens space mesial to the first molar, keeping the
molar back while the other teeth are retracted is the key to
success with this method (see Figure 17-6)

Occasionally unilateral molar distalization is indi-
cated, typically when a unilateral Class II malocclusion is

FIGURE 17-11

	

Unilateral Class II malocclusion in a teenage girl treated with extraction of one max-
illary second molar and unilateral headgear. A-D, Prior to treatment. Note the maxillary midline displaced
to the right and the moderate skeletal component of the malocclusion. E and F, Unilateral cervical head-
gear (for all practical purposes, unilateral headgear must be cervical). Note the longer outer bow on the
side where greater tooth movement is desired. 	continued
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FIGURE 17-11, Cont'd G and H, Progress intra-orals; I-K, post-treatment. Note the correction
of the dental midline as well as the correction of the molar relationship. L, Post-treatment panoramic
radiograph, showing the upper left third molar on the way to replacing the extracted second molar.
There were minimal cephalometric changes, with no growth, as expected.
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Differential Anteroposterior Tooth
Movement Using Extraction Spaces
There are two reasons for extracting teeth in orthodon-
tics, as discussed in detail in Chapter 7: (1) to provide
space to align crowded incisors without creating exces-
sive protrusion, and (2) to allow camouflage of moderate
Class II or Class III jaw relationships when correction by
growth modification is not possible. A patient who is both
Class II (or III) and crowded is a particular problem be-
cause the same space cannot be used for both purposes.
The more extraction space required for alignment, the
less available for differential movement in camouflage,
and vice versa.

An important part of treatment planning is deciding
which teeth to extract and how the extraction spaces are to
be closed (i.e., by retraction of incisor teeth, mesial move
ment of posterior teeth, or some combination). These de-
cisions determine the orthodontic mechanics.

Class II Camouflage by Extraction of Upper First
Premolars. Like upper second molar extraction, extrac-
tion of upper first premolars is a deceptively attractive

solution to Class 11 problems and should be adopted only
when its specific indications exist (Chapter 8). With this
approach, the objective during orthodontic treatment is to
maintain the existing Class II molar relationship, closing
the first premolar extraction space entirely by retracting
the protruding incisor teeth (Figure 17-12). Anchorage
must be reinforced, but one method, Class II elastics from
the lower arch, is specifically contraindicated. The remain-
ing possibilities are extraoral force to the first molars, a sta-
bilizing lingual arch, or retraction of the maxillary anterior
segment with extraoral force directly against these teeth.

Excellent reinforcement of posterior anchorage can be
obtained with extraoral force if it is applied consistently and
for long durations. The more constant the headgear wear,
the less a stabilizing lingual arch will be needed. Con-
versely, a stabilizing lingual arch augments the posterior
anchorage full-time, while headgear is likely to be worn a
good bit less.

It seems intuitively obvious that a lingual arch with a
button against the palatal tissue should be more effective
than a straight transpalatal lingual arch, but when first molars

FIGURE 17-12

	

Records of a patient who was treated with extraction of upper first pre-
molars for camouflage of a Class II malocclusion. A, Pre-treatment profile photograph; B to
D, pre-treatment intraoral photographs;

	

continued
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FIGURE 17-12, COnt'd E, post-treatment profile; F to H, post-treatment intraoral pho-
tographs; I, cephalometric superimposition. For this patient, retraction of the maxillary incisors
was accomplished with good anchorage control, the esthetic change was quite acceptable, and
jaw function was normal.
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are being stabilized in a premolar extraction case, this is not
necessarily true. The effect of the lingual arch is primarily
to prevent the molars from rotating mesiolingually around
their palatal root, and secondarily to prevent them from tip-
ping mesially. A straight transpalatal lingual arch (see Fig-
ure 16-35) is as effective as one with a palatal button in pre-
venting rotation, and for most patients, the marginally
better stabilization with a palatal button is not worth the
cost in tissue irritation. Note that this is true when a lingual
arch is used to stabilize molars, but not true when the lin-
gual arch is to stabilize premolars, as in the molar distaliza-
tion technique discussed above. When pushed mesially, pre-
molars tip more than they rotate, and a palatal button is
needed on a lingual arch to stabilize them.

In addition to headgear and/or lingual arch stabiliza-
tion, all the strategies described in Chapter 10 for reducing
strain on anchorage (i.e., avoiding friction, retracting ca
nines individually, etc.) are appropriate with upper first
premolar extraction and can be brought into use.

Retracting protruding maxillary anterior teeth with ex-
traoral force (Figure 17-13) totally avoids strain on the pos-
terior teeth and is extremely attractive from that point of
view. This technique has two major disadvantages: (1) The
force system applied to the anterior teeth is far from ideal.
When extraoral force is applied directly to the anterior seg-
ment, it is difficult to keep it from being undesirably heavy,
but the force intermittently falls to zero when the headgear
is removed. (2) There is significant friction not only where
teeth slide along the archwire but also within the headgear
mechanism itself. This makes it difficult to control the
amount of force, and more friction on one side than the
other may lead to an asymmetric response. In fact, it is un-
usual if space does not close faster on one side than the
other. Excellent patient cooperation is essential. Only if the
headgear is worn nearly full-time will efficient tooth move-
ment be obtained. Although it is possible to obtain this
level of cooperation, it is unwise to rely on it routinely. Pa-
tients for this approach should be selected carefully.

FIGURE 17-13

	

Retraction of the maxillary canines with a J-hook headgear. A, The
headgear hooks over the archwire mesial to the canine bracket and pulls distally against the
bracket. Approximately 200 gm of force on each side should be used; B, an occlusal view
shows the distal translation of both canines. Note that the response at this stage is greater on
one side than the other, which is not uncommon with headgear applied directly to the arch-
wire for tooth movement; C, high-pull head cap with J-hooks for canine retraction; D, an
alternative headcap, providing a more directly posterior force.
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In the late 1980s, it was claimed by some dentists that
extraction of upper first premolars would lead to later tem-
poromandibular dysfunction (TD) problems. The claim
was never supported by any evidence, and recent research
data have refuted it. s'9 It is important to limit first premo-
lar extraction for camouflage of Class II malocclusion to
the appropriate patients, but if this is done, it can be an ex-
cellent treatment method.

Extraction of Maxillary and Mandibular Premolars.
Correction of Class II buccal segment relationships with
extraction of all four first premolars implies that the
mandibular posterior segments will be moved anteriorly
nearly the width of the extraction space. At the same time,
the protruding maxillary anterior teeth will be retracted
without forward movement of the maxillary buccal seg-
ments. This, in turn, implies (though it does not absolutely
require) that Class II elastics will be used to assist in clos-
ing the extraction sites.

The Begg technique is a classic illustration of the use of
Class II elastics to produce differential movement of the
arch segments while correcting the molar relationship. In
the Begg approach, at the beginning of the second stage of
treatment, light interarch elastics are added to help close
space, while Class II elastics are continued (Figure 17-14).
An anchor bend is placed in the upper archwire so that the
maxillary anterior teeth are tipped back in part by the force
system associated with the archwire itself (see Figure 16-34).

In the lower arch, the anchor bend is used to control
the amount of mesial tipping of the molars. The Class II
elastics reinforce and accentuate the differential tooth
movements along the archwires (Figure 17-15). Friction as
the archwires slide through the molar tubes during space
closure is minimized by the considerable freedom between
the 16 mil base arch and the 25 mil round tube through
which it slides. It is extremely important that only light
forces be used, so that optimum force levels are reached
where tipping is desired, while forces for bodily movement
remain suboptimum.

FIGURE 17-14

	

The second stage of Begg treatment, in which
intra-arch elastics are used simultaneously with Class Il elastics
for space closure and correction of molar relationship. This pat-
tern of elastic force is continued until the extraction spaces are
closed. The effect is to trade forward movement of the mandibu-
lar posterior teeth for retraction of the maxillary anteriors.

A similar mechanical arrangement, of course, can be
produced with the edgewise appliance. A round wire in an
edgewise bracket allows tipping of the incisors in essen
tially the same way as with the Begg approach, but the
mesiodistal width of the canine brackets tends to keep the
canine teeth more upright, thereby increasing the strain on
posterior anchorage. For this reason, when a Begg-like
sliding space closure in both arches is used with the edge-
wise appliance, reinforcement of maxillary anchorage with
headgear is a good idea, and somewhat heavier Class II
elastic force is needed.

It is also possible with the edgewise appliance to struc-
ture anchorage so that space closure by retraction of the
maxillary anterior teeth and protraction of the mandibular
posterior segments occurs without the use of Class II elas-
tics. The best control is achieved with the segmented arch
technique, using space-closing springs in each arch fabri-
cated specifically for the type of space closure desired (see
Closure of Extraction Spaces, this chapter).

When differential space closure without interarch elas-
tics is desired, a more common approach with the edgewise
appliance is to extract maxillary first and mandibular second
premolars, thus altering the anchorage value of the two seg-

FIGURE 17-15

	

Diagrammatic representation of forces en-
countered in the second stage of Begg treatment, in which base
archwires (red) with anchor bends are combined with intra-arch
and Class II elastics (pink). The anchor bends produce bodily for-
ward movement of the molars, but no couples are present on the
incisors, so these teeth tip lingually. The anchor bends also de-
press the incisors and elongate the molars, which is counteracted
by the Class II elastics for the upper arch but accentuated by the
elastics for the lower.
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ments (Figure 17-16). With this approach, routine space-
closing mechanics will move the lower molars forward more
than the upper, particularly if maxillary posterior anchorage
is reinforced with a stabilizing lingual arch or headgear.
This upper first-lower second premolar extraction pattern
greatly simplifies the mechanics needed for differential
space closure with continuous-arch edgewise technique.

Occasionally, however, mesial movement of the lower
first molar into a second premolar extraction space is diffi-
cult to produce. This is particularly likely when the second
premolar was congenitally missing and a second primary
molar was extracted, because bone resorption reduces the
alveolar ridge dimensions before space closure can be com-
pleted. It can be advantageous to remove only the distal
root of the second primary molar, leaving the mesial part of
the primary tooth in place (with a calcium hydroxide
pulpotomy and temporary restoration) until the permanent
tooth has been brought forward for that half of the total
distance. Then the remaining half of the primary tooth is
extracted, and space closure completed.

Molar Correction with Inter-arch Elastics
Without extraction spaces as previously described, Class II
elastics produce molar correction largely by mesial move-
ment of the mandibular arch, with only a small amount of
distal positioning of the maxillary arch. When this pattern
of tooth movement is desired, the amount of force varies

with the amount of tipping allowed in the mandibular arch.
With a well-fitting rectangular wire in the lower arch that
is somewhat constricted posteriorly (to prevent rolling the
lower molars facially and control the inclination of the
lower incisors), approximately 300 gm per side is needed to
displace one arch relative to the other. With a lighter round
wire in the lower arch, not more than half that amount of
force should be used. Incorporating the lower second mo-
lars in the appliance and attaching the elastics to a mesial
hook on this tooth increase the anchorage and give a more
horizontal direction of pull than hooking the elastic to the
first molar.

It is important to keep in mind that with or without
extraction, Class 11 elastics produce not only anteroposte-
rior and transverse effects but also a vertical force (Figure
17-17). This force elongates the mandibular molars and
the maxillary incisors, rotating the occlusal plane up pos-
teriorly and down anteriorly. If the molars extrude more
than the ramus grows vertically, the mandible itself will be
rotated downward (Figure 17-18). Class 11 elastics are
therefore contraindicated in nongrowing patients who
cannot tolerate some downward and backward rotation of
the mandible. The rotation of the occlusal plane, in and of
itself, facilitates the desired correction of the posterior oc-
clusion, but even if elongation of the lower molars can be
tolerated because of good growth, the corresponding ex-
trusion of the maxillary incisors can be unsightly.

FIGURE 17-16

	

Cephalometric superimposition showing the result of treatment with extrac-
tion of upper first and lower second premolars. Even with second premolar extraction, some re-
traction of the mandibular incisors may occur, but most of the space closure will be by mesial
movement of the lower molar. This adult patient experienced no growth, and a slight downward
and backward rotation of the mandible occurred.
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Class II elastics, in short, may produce occlusal rela-

	

Class III elastics also have a significant extrusive com-
tionships that look good on dental casts but are less satis-

	

ponent, tending to elongate the upper molars and the lower
factory when viewed from the perspective of skeletal rela-

	

incisors. Elongating the molars enough to rotate the man-
tionships and facial esthetics (see Figure 17-8).

	

dible downward and backward is disastrous in Class II treat-
Because of their vertical effects, prolonged use of Class

	

merit but, within limits, can help treatment of a Class III
II elastics, particularly with heavy forces, is rarely indicated.

	

problem. If Class III elastics are used to assist in retracting
Using Class II elastics for 3 or 4 months at the completion

	

mandibular incisors (see further discussion following),
of treatment of a Class II patient to obtain good posterior

	

high-pull headgear to the upper molars worn simultane-
i nterdigitation is often acceptable. Applying heavy Class II

	

ously with the elastics can control the amount of elongation
force for 9 to 12 months as the major method for correct-

	

of the upper molars. Elongation of the lower incisors, bow-
ing a Class II malocclusion is rarely good treatment.

	

ever, still can be anticipated.

FIGURE 17-17

	

Rotation of the occlusal plane with Class II (A) and Class III (B) elastics. The rotation
of the occlusal plane helps correct the molar relationship, and so, is helpful from that point of view, but it
can be deleterious in some patients because the elongation of the molars may cause undesirable rotation
of the mandible or undesirable tooth-lip relationships.

FIGURE 17-18

	

Cephalometric superimposition showing the vertical effects of Class II elastics in this
patient, who had premolar extractions, and so, did not have forward movement of the lower incisors de-
spite the forward movement of the lower molars. Note the elevation of the lower molar, extrusion and dis-
tal tipping of the upper incisor, rotation of the occlusal plane, and downward and backward rotation of the
mandible.
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CLOSURE OF EXTRACTION SPACES

To obtain the desired result of closing spaces within the
arch, it is essential to control the amount of incisor retrac-
tion vs. molar-premolar protraction. Indications for ex-
traction have been discussed in Chapters 6 and 7, and the
biomechanical concepts related to control of posterior an-
chorage and the amount of incisor retraction are described
in Chapter 10. In this section, the focus is on contemporary
mechanotherapy for space closure with the 18- and 22-slot
edgewise appliances.

Moderate Anchorage Situations
Most patients fall into the moderate anchorage category,
meaning that after alignment of the incisors has been com-
pleted, it is desired to close the remainder of the premolar
extraction space with a 50:50 or 60:40 ratio of anterior re-
traction to posterior protraction. The different wire sizes in
18- and 22-slot edgewise appliances require a different
approach to mechanotherapy.

Moderate Anchorage Treatment with 18-Slot
Edgewise: Closing Loops. Although either sliding or
loop mechanics can be used, the 18-slot appliance with sin
gle or narrow twin brackets on canines and premolars is
ideally suited for use of closing loops in continuous arch-
wires. Closing loop archwires should be fabricated from
rectangular wire to prevent the wire from rolling in the
bracket slots. Appropriate closing loops in a continuous
archwire will produce approximately 60:40 closure of the
extraction space if only the second premolar and first

molar are included in the anchorage unit and some up-
righting of the incisors is allowed. Greater retraction will
be obtained if the second molar is part of the anchorage
unit, less if incisor torque is required.

The performance of a closing loop, from the perspec-
tive of engineering theory, is determined by three major
characteristics: its spring properties (i.e., the amount of
force it delivers and the way the force changes as the teeth
move); the moment it generates, so that root position can
be controlled; and its location relative to the adjacent
brackets, (i.e., the extent to which it serves as a symmetric
or asymmetric V -bend in a continuous wire). Clinical per-
formance is affected not only by these characteristics but
also by how well the loop conforms to additional design
principles. Let us consider these in turn:

Spring Properties.

	

The spring properties of a closing
loop are determined almost totally by the wire material (at
present, either steel or beta-titanium), the size of the wire,
and the distance between points of attachment. This dis-
tance in turn is largely determined by the amount of wire
incorporated into the loop but is affected also by the dis-
tance between brackets. Closing loops with equivalent
properties can be produced from different types and sizes
of wire by increasing the amount of wire incorporated into
the loop as the size of the wire increases, and vice versa.
Wires of greater inherent springiness or smaller cross-
sectional area allow the use of simpler loop designs.

Figure 17-19, taken from the work of Booth,10 illus-
trates the effects on the spring characteristics of a steel clos-
ing loop from changing wire size, the design of the loop,

FIGURE 17-19

	

The effect of changing various aspects of a closing loop in an archwire. Note that an
8-mm vertical loop in 18 x 25 wire produces twice as much force as the desired 250 gm/mm. The major
possibilities for producing clinically satisfactory loops are reducing wire size or incorporating additional wire
by changing leg length, interbracket distance, and/or loop configuration. (Redrawn from Booth. ° )



568

	

SECTION VII

	

Comprehensive Orthodontic Treatment In The Early Permanent Dentition

FIGURE 17-20

	

The Opus closing loop designed by Siatkowski offers excellent
control of forces and moments, so that space can be closed under good control. The
loop can be fabricated from 16 X 22 or 18 X 25 steel wire, or from 17 X 25 TMA
wire. It is activated by tightening it distally behind the molar tube and can be
adjusted to produce maximal, moderate, or minimal incisor retraction, but like all
closing mechanisms with a long range of action, must be monitored carefully.
(Redrawn from Siatkowski. 12 )

and the interbracket span (the combination of these latter
two parameters, of course, determines the amount of wire
in the loop). Note that, as expected, changing the size of the
wire produces the largest changes in characteristics, but the
amount of wire incorporated in the loop is also important.
The same relative effect would be observed with beta-tita-
nium wire. For any size of wire or design of loop, beta-Ti
would produce a significantly smaller force than steel.

Root-Paralleling Moments. To close an extraction
space while producing bodily tooth movement, a closing
loop must generate not only a closing force but also appro
priate moments to bring the root apices together at the ex-
traction site. As discussed in Chapter 10, for bodily move-
ment the moment of the force used to move the teeth must
be balanced by the moment of a couple. If its center of re-
sistance is 10-mm from the bracket, a canine tooth being
retracted with a 100-gm force must also receive a 1000 gm-
mm moment if it is to move bodily. If the bracket is 1 mm
wide, a vertical force of 1000 gm must be produced by the
archwire at each side of the bracket (see Figures 10-28
through 10-32).

This requirement to generate a movement limits the
amount of wire that can be incorporated to make a closing
loop springier, because if the loop becomes too flexible, it
will be unable to generate the necessary moments even
though the retraction force characteristics are satisfactory.
Loop design is also affected. Placing some of the wire within
the closing loop in a horizontal rather than vertical direc-
tion improves its ability to deliver the moments needed to
prevent tipping. Because of this and because a vertically tall
loop can impinge on soft tissue, a closing loop that is only 7
to 8 mm tall while incorporating 10 to 12 mm or more of
wire (e.g., a delta, L- or T -shaped loop) is preferred.

If the legs of a closing loop were parallel before activa-
tion, opening the loop would place them at an angle that in
itself would generate a moment in the desired direction.
Calculations show that unacceptably tall loops would be re-
quired to generate appropriate moments in this manner, 11

so additional moments must be generated by gable bends
(or their equivalent) when the loop is placed in the mouth.

An elegant solution to the design of a closing loop that
would provide optimum and nearly constant moment-to-
force ratios at variable activations has recently been offered
by Siatkowski in his Opus loop (Figure 17-20). 12

Location of the Loop.

	

A final engineering factor in
the performance of a closing loop is its location along the
span of wire between adjacent brackets. Because of its gable
bends, the closing loop functions as a V -bend in the arch-
wire, and the effect of a Vbend is quite sensitive to its po-
sition. Only if it is in the center of the span does a Vbend
produce equal forces and couples on the adjacent teeth (see
Figures 10-37 and 10-38). If it is one-third of the way be-
tween adjacent brackets, the tooth closer to the loop will be
extruded and will feel a considerable moment to bring the
root toward the Vbend, while the tooth further away will
receive an intrusive force but no moment. 13 If the V-bend
or loop is closer to one bracket than one third of the dis-
tance, the more distant tooth will not be intruded but will
receive a moment to move the root away from the Vbend 14

(which almost never is desirable).
For routine use with fail-safe closing loops (as de-

scribed later), the preferred location for a closing loop is at
the spot that will be the center of the embrasure when the
space is closed (Figure 17-21). This means that, in a first
premolar extraction situation, the closing loop should be
placed about 5 mm distal to the center of the canine tooth.
The effect is to place the loop initially at the one-third po-
sition relative to the canine. The moment on the premolar
increases as space closure proceeds. The design of the Opus
loop calls for an off-center position with the loop 1.5 mm
from the mesial (canine) bracket.

Additional Design Considerations. An important
principle in closing loop design is that, to the greatest ex-
tent possible, the loop should "fail safe." This means that,
although a reasonable range of action is desired from each
activation, tooth movement should stop after a prescribed
range of movement even if the patient does not return for
a scheduled adjustment. Too long a range of action with
too much flexibility could produce disastrous effects if a
distorted spring were combined with a series of broken
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FIGURE 17-21

	

Stages in space closure. A, The original malocclusion; B, 16 X 22 clos-

ing loops at initial activation, after the completion of stage 1 alignment and leveling. Note
the location of the closing loops and the soldered tiebacks for activation. C, Closing loops
later during space closure; D, spaces closed, and finishing archwire in place.

appointments. The ideal loop design therefore would de-
liver a continuous, controlled force designed to produce
tooth movement at a rate of approximately 1 mm per
month but would not include more than 2 mm of range, so
that movement would stop if the patient missed a second
consecutive monthly appointment.

It also is important that the design be as simple as pos-
sible, because more complex configurations are less com-
fortable for patients, more difficult to fabricate clinically,
and more prone to breakage or distortion. Engineering
analysis, as the Opus loop demonstrates very nicely, shows
that a relatively complex design is required to produce the
best control of moment-force ratios. The possibilities of
clinical problems from increased complexity always must
be balanced against the potentially greater efficiency of the
more complex design. Whether the Opus loop is simple
and sturdy enough to perform well in widespread clinical
use has not yet been established. Previous experience sug-
gests that the average adolescent orthodontic patient can
destroy almost any orthodontic device that is not remark-
ably resistant to being distorted.

A third design factor relates to whether a loop is acti-
vated by opening or closing. All else being equal, a loop is
more effective when it is closed rather than opened during
its activation. On the other hand, a loop designed to be
opened can be made so that when it closes completely, the
vertical legs come into contact, effectively preventing fur-
ther movement and producing the desired fail-safe effect
(Figure 17-22). A loop activated by closing, in contrast,
must have its vertical legs overlap. This creates a transverse
step, and the archwire does not develop the same rigidity
when it is deactivated. The smaller and more flexible the

FIGURE 17-22

	

Closing loops in 16 X 22 wire of fail-safe de-
sign and 8-mm height used with Class 11 elastics in this patient.
Note that the maxillary loop has been activated by pulling the
wire through the molar tube and bending it up. In the mandibu-
lar arch, the loop is not active at this time, and the approximation
of the legs to create a rigid archwire is apparent. The lower arch-
wire has a tieback mesial to the first molar, so that this loop can
be activated by tying a ligature from the posterior teeth to the
wire rather than by bending over the end of the wire distal to the
molar tube.

wire from which a closing loop arch is made, the more
important it is that the wire become rigid when the loop is
deactivated.

Clinical Recommendations.

	

These design consider-
ations indicate that an excellent closing loop for 18-slot
edgewise is a delta-shaped loop in 16 X 22 wire that is ac
tivated by opening, as shown in Figures 17-21 and 17-22.
Such a wire fits tightly enough in an 18 X 25 mil bracket to
give good control of root position. With 10 mm of wire in
the loop, the force delivery is close to the optimum, and the
mechanism fails safe because contact of the vertical legs
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FIGURE 17-23

	

A three-prong pliers can be used to bring
the vertical legs of a closing loop together if they are separated.
The legs should touch lightly before activation of the loop by
opening it.

when the loop is deactivated limits movement between
adjustments and makes the archwire more rigid. It is im-
portant to activate the upper horizontal portion of a delta
or T -loop so that the vertical legs are pressed lightly to-
gether when the loop is not activated (Figure 17-23). This
also ensures that the loop will still be active until the legs
come into contact.

With 16 X 22 wire and a loop of the delta design (so that
the mechanism fails safe), with an activation of 1.0 to 1.5
mm, and with narrow 18-slot brackets, a gable bend of ap
proximately 20 degrees on each side is needed to achieve an
appropriate moment-force ratio (Figure 17-24). With wider
brackets, a smaller gable bend would generate the same mo-
ment. With the same loop in stiffer wire like 17 X 2 5, a gable
bend of any given magnitude would produce a larger mo-
ment than in 16 X 22 wire. Remember, however, that the
moment-force ratio determines how teeth will move, so
with a stiffer wire and the same activation a larger force
would be generated and a larger moment would be needed.
Optimum moment-force ratios can be achieved with several
combinations of wire size, loop configuration, and gable an-
gle and, as Siatkowski has shown, can be maintained over a
variety of activations at the cost of design complexity.

A closing loop archwire is activated by pulling the poste-
rior part of the archwire distally through the molar tubes,
which activates the closing loop the desired amount (1 to 1.5
mm) and then fastening the wire in that position. The wire
slides through the brackets and tubes only when it is being ac-
tivated. After that, as the closing loop returns to its original
configuration, and the teeth move with the archwire, not
along it. There are two ways to hold the archwire in its acti-
vated position. The simplest is by bending the end of the
archwire gingivally behind the last molar tube. The alterna-
tive is to place an attachment-usually a soldered tieback (see
Figure 17-22)-on the posterior part of the archwire, so that
a ligature can be used to tie the wire in its activated position.

With a 16 X 22 closing loop, usually it is necessary to
remove the archwire and reactivate the gable bends after

FIGURE 17-24

	

Gable bends for the closing loop archwire.
A, Gable bends are placed by bending the wire at the base of
the loop; B, appropriate gable for a 16 X 22 closing loop (40 to 45
degrees total, half that on each side).

3 to 4 mm of space closure, but a quick reactivation is all
that is needed at most appointments during space closure.
As a general rule, if it is anticipated that a closing loop arch-
wire will not have to be removed for adjustment (i.e., the
distance to be closed is 4 mm or less), bending the poste-
rior end of the wire is satisfactory. It can be quite difficult
to remove an archwire that has been activated by bending
over the end, however, and it saves time in the long run to
use tiebacks for closing loop archwires that will have to be
removed and readjusted.

Specific recommendations for closing loop archwires
with the 18-slot appliance and narrow brackets are:

1. 16 X 22 wire, delta or T-shaped loops, 7 mm verti-
cal height, and additional wire incorporated in the
loop to make it equivalent to 10 mm of vertical
height

2. Gable bends of 40 to 45 degrees total (half on each
side of the loop)

3. Loop placement 4 to 5 mm distal to the center of
the canine tooth at the center of the space between
the canine and second premolar with the extraction
site closed

These recommendations certainly are not the only
clinically effective possibilities. The principle should be that
if a heavier wire (e.g., 17 X 25 mil) is used, the loop design
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FIGURE 17-25

	

Sliding space closure in 22-slot edgewise. A, Elastomeric chain for canine
retraction in the mandibular arch sliding the tooth on an undersized rectangular archwire.
B, NiTi coil springs for retraction of first premolars in a second premolar extraction case. NiTi
springs give much better control of force levels and a much greater range of action, and there-
fore are preferred when space is to be closed by sliding.

should be altered to incorporate additional wire for better
force-deflection characteristics. Also, the gable angulations
should be adjusted according to both the springiness of the
loop and the width of the brackets. With wide brackets on
the canines, for instance, the reduced interbracket span
would make any loop somewhat stiffer, and both this and the
longer moment arm across the bracket would dictate a
smaller gable angle (but the range of the loop would be re-
duced, which is why wide brackets are not recommended).

Moderate Anchorage Space Closure with 22-Slot
Edgewise. As a general rule, space closure in moderate
anchorage situations with the 22-slot edgewise appliance is
done in two steps: first retracting the canines, usually slid-
ing them along the archwire, and second, retracting the
four incisors, usually with a closing loop. This two-step
space closure will produce an approximately 60:40 closure
of the extraction space, varying somewhat depending on
whether second molars are included in posterior anchorage
and incisor torque requirement.

A 19 X 2 5 wire is the largest on which sliding retrac-
tion of a canine should be attempted (because clearance in
the bracket slot is needed), and 18 X 25 wire also can be
used. An archwire with a posterior stop, usually in front of
the first molar tube, is needed. This stop has the effect of
incorporating all the teeth except the canine into the an-
chorage unit. The canine retraction can then be carried out
with a coil spring, a spring soldered to the base archwire, an
intra-arch latex elastic, or an elastomeric material (Figure
17-25). As a general rule, A-NiTi coil springs are preferred
because they produce an almost ideal light constant force.' 5
Elastics produce variable and intermittent forces, and both
elastomeric chains and steel coil springs produce rapidly
decaying interrupted forces.

In addition to its convenience and straightforward de-
sign, this type of sliding space closure has the important ad-
vantage that it fails safe in two ways: (1) The moments nec
essary for root paralleling are generated automatically by
the twin brackets normally used with the 22-slot appliance.
Unless the archwire itself bends, there is no danger that

FIGURE 17-26

	

T-shaped loop in 18 X 25 wire, typically used
with the 22-slot edgewise appliance to retract the four incisors af-
ter independent retraction of the canine.

the teeth will tip excessively. (2) The rigid attachment of
the canine to the continuous ideal archwire removes the
danger that this tooth will be moved far outside its intended
path if the patient does not return for scheduled adjust-
ments. For this reason, a long range of action on the re-
traction springs is not dangerous, as long as the force is not
excessive. The ideal force to slide a canine distally is ap-
proximately 150 gm, since at least 50 gm will be used to
overcome friction (see Chapter 10). A-NiTi springs can
produce this level of force over a wide enough range to
close an extraction space with a single activation.

The second stage in the two-stage retraction is usually
accomplished with a closing loop, although it is possible to
close the space now located mesial to the canines by again
sliding the archwire through the posterior brackets. For
this stage of incisor retraction, a rectangular wire with its
smallest side at least 18 mil is needed-anything smaller
rolls in the 22-slot and would allow the incisors to tip while
being retracted. An 18 X 2 5 steel wire with a T-loop,
though still too stiff, serves this purpose reasonably well
while retaining the fail-safe design (Figure 17-26). Al-
though loops in a 19 X 25 steel wire also can be used, the
better force-deflection characteristics of 18 X 2 5 wire make
it the preferred choice: the 19 X 25 loop either has to give
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FIGURE 17-27

	

Stabilization of the posterior segments in Burstone's segmented arch tech-
nique requires A, a 21 X 2 5 steel wire segment in the bracket slots or tubes of the posterior teeth.
Note the soldered tieback mesial to the second molar (Courtesy Dr. C.J. Burstone); and B, a heavy
lingual arch. This current design by Burstone uses a rectangular 28 X 28 wire that is placed into
a special lingual bracket on the first molars.

up the fail-safe design or is much too stiff. A third alterna-
tive, in many ways now the preferred approach, is a closing
loop in 19 X 25 beta-Ti wire. This provides better proper-
ties than 18 X 25 steel (quite close to 16 X 22 steel), at the
cost of more difficulty in forming the archwire.

Although the two-step procedure is predictable and
has excellent fail-safe characteristics, which explains why it
remains commonly used, it takes longer to close space in
two steps than one.

It is possible to use a closing loop archwire for one-step
(en masse) closure in the 22-slot appliance, as described
previously for 18-slot edgewise. There are several possibil
ities, unfortunately none of them ideal. The Opus loop has
excellent properties and can be used with 22-slot edgewise
but is more effective in 18-slot because of the wire size. If a
fail-safe design is preferred, a T-loop in 18 X 25 steel or 19
X 2 5 beta-Ti wire can be considered. All three of the pos-
sibilities provide less than ideal torque control of incisors
during the retraction because the wire is so much smaller
than the bracket slot. If en masse space closure is desired
with the 22-slot appliance, a segmented arch technique of-
fers advantages.

The segmented arch approach to space closure is based
on incorporating the anterior teeth into a single segment,
and both the right and left posterior teeth also into a single
segment, with the two sides connected by a stabilizing lin-
gual arch (Figure 17-27). A retraction spring is used to con-
nect these stable bases, and the activation of the spring is
varied to produce the desired pattern of space closure
(Figures 17-28 and 17-29). Because the spring is separate
from the wire sections that engage the bracket slots, a wire
size and design that produce optimum properties can be
used. An auxiliary rectangular tube, usually positioned ver-
tically, is needed on the canine bracket or on the anterior
wire segment to provide an attachment for the retraction
springs (see Chapter 12). The posterior end of each spring
fits into the auxiliary tube on the first molar tooth. With
beta-Ti wire, the design of the retraction spring can be
more simplified than the design necessary with steel wire.'

FIGURE 17-28 Composite retraction spring designed by
Burstone for use with the segmented arch technique, consisting of
18 mil beta-Ti wire (the loop) welded to 17 X 25 beta-Ti. This
spring can be used for either en masse retraction of incisors or ca-
nine retraction.

These springs are very effective, and with careful initial ac-
tivation, an impressive range of movement can be produced
before reactivation is necessary.

The greatest disadvantage of segmented arch space
closure is not its increased complexity, but that it does not
fail safe. Without a rigid connection between the anterior
and posterior segments, there is nothing to maintain arch
form and proper vertical relationships if a retraction spring
is distorted or activated incorrectly. For this reason, despite
the excellent results usually obtained with segmented
arches and retraction springs, it is important to monitor
these patients especially carefully and to avoid long inter-
vals without observation.

Maximum Incisor Retraction
(Maximum Anchorage)
It is not always desirable to retract the anterior teeth as far
as possible after premolars have been extracted. In fact,
over-retraction of incisors is as much of a potential prob-
lem as leaving them too prominent by not maintaining ad-
equate posterior anchorage. When maximum retraction is
needed, however, it is vital that the orthodontic mechan-
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FIGURE 17-29

	

Space closure with the segmented arch technique. A, En masse retraction
of the anterior maxillary segment and canine retraction in the mandibular arch (see also Figure
17-35). Note that the retraction springs fit into a vertical tube on the canine bracket. Braided
wire in the maxillary anterior area will be replaced by a stabilizing anterior segment. B, Upper
and lower en masse space closure using beta-Ti T-loops between segments in this patient with
extraction of upper first and lower second premolars. (Courtesy Dr. C.J. Burstone.)

otherapy be structured to provide this. Techniques to
produce maximum retraction combine two possible ap-
proaches. The first is reinforcement of posterior anchor-
age by appropriate means, including extraoral force,
stabilizing lingual arches, and interarch elastics. The sec-
ond approach involves reduction of strain on the poste-
rior anchorage, which includes any combination of elim-
inating friction from the retraction system, tipping the
incisors before uprighting them, or retracting the canines
separately.

Maximum Retraction with the 18-Slot Appliance.
With the 18-slot appliance, friction from sliding usually is
avoided by employing closing loops, and tipping/upright
ing is rarely part of the anchorage-control strategy. To ob-
tain greater retraction of the anterior teeth, a sequence of
steps to augment anchorage and reduce anchorage strain
could be as follows:

1. Add stabilizing lingual arches and proceed with en
masse space closure. The resulting increase in pos-
terior anchorage, though modest, will change the
ratio of anterior retraction to posterior protraction
to approximately 2:1.

2. Reinforce maxillary posterior anchorage with extra-
oral force and (if needed) use Class III elastics from
high-pull headgear to supplement retraction force
in the lower arch, while continuing the basic en
masse closure approach. Depending on how well
the patient cooperates, additional improvement of
retraction, perhaps to a 3:1 or 4:1 ratio, can be
achieved.

3. Retract the canines independently, preferably using
a segmental closing loop, and then retract the in-
cisors with a second closing loop archwire. Used
with stabilizing lingual arches (which are needed to
control the posterior segments in most patients),
this technique will produce a 3:1 retraction ratio.
When this procedure is reinforced with headgear,
even better ratios are possible.

A more detailed discussion of each of these ap-
proaches follows.

Reinforcement with Stabilizing Lingual Arches.

	

Sta-
bilizing lingual arches must be rigid and should be made
from 36 mil or 32 X 32 steel wire. These can be soldered to
the molar bands, but it is convenient to be able to remove
them, and Burstone's designs (see Chapter 12) are preferred.

It is important for a lower stabilizing lingual arch to lie
behind and below the lower incisors, so that it does not in-
terfere with their retraction. If 36 mil round wire is used,
the lower lingual arch is more conveniently inserted from
the distal than from the mesial of the molar tube (see Fig-
ure 16-35). The maxillary stabilizing lingual arch is a
straight transpalatal design. Because maximum rigidity is
desired for anchorage reinforcement, an expansion loop in
the palatal section of this wire is not recommended unless
a specific indication exists for including it.

If lingual arches are needed for anchorage control,
they should be present during the first and second stages of
treatment but can and should be removed after space clo
sure is complete. Their presence during the finishing stage
of treatment, after extraction spaces have been closed, is
not helpful and may interfere with final settling of the oc-
clusion.

Reinforcement with Headgear and lnterarch Elastics.
Extraoral force against the maxillary posterior segments is
an obvious and direct method for anchorage reinforce
ment. It is also possible to place extraoral force against the
mandibular posterior segments, but is usually more practi-
cal to use Class III elastics to transfer the extraoral force
from the upper to the lower arch.

Inter-arch elastics for anchorage reinforcement were
a prominent part of the original Tweed method for maxi-
mum retraction of protruding anterior teeth. In the
Tweed approach to bimaxillary protrusion, lower-but
not upper-premolars are extracted initially, so that an in-
tact upper arch is available to resist the pull of Class III
elastics. This step is the first component of the anchorage



574

	

SECTION VII

	

Comprehensive Orthodontic Treatment In The Early Permanent Dentition

FIGURE 17-30

	

Anchorage preparation in Tweed technique. Class III elastics from a sta-
bilized upper arch reinforced with headgear are being used to tip back the lower posterior
teeth. Note the second order (tip-back) bends in the lower archwire. A, A sliding jig to the
second premolar is being used to transfer the Class III elastic force to the posterior segment;
B, anchorage preparation completed in the lingual arch. Note the distally tipped position of
the lower posterior teeth and the use of Class II elastics to accomplish similar tipping of the
upper posterior teeth. (From Tweed CH: Clinical Orthodontics, St. Louis, 1966, Mosby.)

reinforcement: pitting an intact upper arch against a
segmented lower arch (and later, the reverse).

The second part of Tweed anchorage reinforcement is
"anchorage preparation," achieved by tipping the molars
and premolars distally (Figure 17-30). Class III elastics are
used to maintain lower incisor position while this is done.
The distally tipped molars then allow the incisors to be re-
tracted further than otherwise would have occurred. Only
after the lower incisors have been retracted, sliding the ca-
nine initially and then using a closing loop, are the upper
premolars extracted. At that point, the lower arch is stabi-
lized and Class II elastics are used to prepare anchorage by
tipping back the upper molars, before the upper incisors
are retracted (see Figure 17-30, B).

Although the original Tweed approach can be used
with the contemporary 18-slot appliance, it is rarely indi-
cated. Prolonged use of Class II and Class III elastics is
extrusive and requires good vertical growth for acceptable
results. Distally tipping the molars augments their anchor-
age value primarily by first moving these teeth distally, then
mesially.

Segmented Retraction of the Canines.

	

Segmented
retraction of the canines with frictionless springs is an at-
tractive method for reducing the strain on posterior an
chorage and is a readily available approach with the mod-
ern 18-slot appliance. It is also possible to retract the
canines by sliding them on the archwire, but the narrow
brackets usually used with the 18-slot appliance and the
tight clearance and relatively low strength of a 17 X 25
archwire produce less-than-optimum sliding.

For frictionless retraction of the canines, an auxiliary
tube on the molar is needed. An auxiliary tube on the
canine is unnecessary, because the retraction spring can fit
directly into the canine bracket. The PG spring designed
by Gjessing is the most efficient current design (Figure
17-31).1 7 Closing loops, either in a continuous archwire or
with a segmented arch approach, are then used for the
second stage of retraction of the incisors (Figure 17-32).

Segmented canine retraction of this type presents two
problems. The first is that it is difficult to control the posi-

FIGURE 17-31

	

For canine retraction, the Gjessing retrac-
tion spring offers excellent control of forces and moments and
probably is the most effective current design of a spring for this
purpose.

tion of the canine in all three planes of space as it is re-
tracted. If the canine is pulled distally from an attachment
on its buccal surface, the point of attachment is not only
some distance occlusal but is also buccal to the center of re-
sistance. This means that without appropriate moments,
the tooth will tip distally and rotate mesiobuccally. Both a
root-paralleling moment and an antirotation moment must
be obtained by placing gable bends in the spring. Control
of the vertical position of the canine, particularly after the
gable bends in two planes of space have been placed, can be
a significant problem.

Second, much more than with en masse retraction using
segmented mechanics, segmental retraction of canines does
not fail safe. The canine is free to move in three-dimensional
space, and there are no stops to prevent excessive movement
in the wrong direction if a spring is improperly adjusted or
becomes distorted. Loss of vertical control is particularly
likely. A missed appointment and a distorted spring can lead
to the development of a considerable problem (Figure 17-
33), and patients must be monitored carefully.

Maximum Retraction with the 22-Slot Appliance.
The same basic approaches are available with the 22- as
with the 18-slot appliance: to increase the amount of in
cisor retraction, a combination of increased reinforcement
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FIGURE 17-3Z

	

Canine retraction (A) and space closure (B) in Ricketts' bioprogressive
technique. Instead of stabilizing lingual arches, a base or utility arch from the first molar to the
incisors normally is used, with flexible springs that require a root-paralleling gable bend of ap-
proximately 60 degrees and an antirotation bend of approximately 20 degrees. After the
canines are retracted with segmental closing loops, the four incisors are retracted with contin-
uous arch closing loops, here a contraction utility arch in the upper and a double-delta design
in the lower. Neither step in the space closure fails safe.

FIGURE 17-33

	

Vertical control of this canine was lost during
retraction with a segmented retraction spring. A box-loop in 16 X
16 wire is being used to regain the correct vertical level (an auxil-
iary NiTi wire might be used instead in a more modern applica-
tion). The greatest problem with segmented retraction springs is
that they have no fail-safe component, allowing displacements of
this type to occur if a spring is distorted and the patient misses
scheduled appointments.

of posterior anchorage and decreased strain on that an-
chorage is needed. All the possible strategies for anchorage
control can be used. With a 22-slot appliance in which
sliding retraction of canines is the approach to moderate
anchorage, the following sequence of steps to increase
incisor retraction might be logical:

Reinforcement of PosteriorAnchorage with Extraoral
Force. Stabilizing the posterior segments with extraoral
force while sliding the canine along an archwire signifi
cantly increases posterior anchorage. This approach can be
especially helpful in the upper arch, where headgear at-
tached to the molars is easily placed, but the same approach
can be used in the lower arch. Wearing two facebows to
apply force to upper and lower molar teeth at the same
time is difficult but not impossible. Reinforcing the upper
arch with headgear, with Class III elastics off the headgear
to reinforce anchorage for retraction of the lower canines,
is a more typical arrangement.

Application of Extraoral Force Directly Against the
Canines to Slide Them Posteriorly. With this approach,
a headgear using four hooks (Figure 17-34) normally is
used. The hooks fit over a base archwire, typically 19 X 25
steel, and approximately a 200 gm force is supplied at each
point of attachment to slide the canines posteriorly. It is
easier to attach extraoral force to the mandibular anterior
than posterior region, and this arrangement is tolerated
well by patients-much better than two facebows.

Retracting the canines in this way totally avoids strain
on posterior anchorage during the first retraction step. The
disadvantages are the same as when protruding maxillary
incisors are retracted with headgear: this approach requires
excellent cooperation by the patient, who should wear the
headgear essentially full-time to achieve effective tooth
movement. Moreover, friction may cause asymmetric space
closure. For cooperative patients, however, this method is
quite effective.

The second step, after retraction of the canines, is done
with a closing loop as described previously.

Use of Segmented Arch Mechanics for Canine Re-
traction. As discussed earlier, use of a segmented arch sys-
tem to retract the canines independently, followed by
retraction of the four incisors, is a practical method for
conserving anchorage and equally adaptable to 22- and 18-
slot appliances (Figure 17-35). It produces a result approx-
imately equivalent to retracting the canines with headgear,
provided that at least a stabilizing lingual arch is used to re-
inforce posterior anchorage. The problems are also the
same as with the 18-slot appliance: the canine can become
displaced during its retraction and may become spectacu-
larly malpositioned if something goes wrong, because no
fail-safe mechanism is in place.

Segmented Arch Mechanics for TippinglUprighting.
Rather than independent retraction of the canines, the
recommended procedure in two-step space closure in
maximum anchorage cases now is en masse distal tipping
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FIGURE 17-34

	

Four-hook headgear being used for retraction of the canines (in a pa-
tient who is also wearing a facebow to the molars). A, The hooks extend forward from the
headcap and, B, attach over the upper and lower archwires mesial to the canines. Bands
rather than bonded brackets on anterior teeth, particularly the canines, may be needed if
headgear is applied directly to the anterior part of the dental arch.

FIGURE 17-35

	

Retraction of upper and lower canines with
T-loops in beta-Ti wire in the segmented arch technique with the
22-slot edgewise appliance. (Courtesy Dr. C.J. Burstone.)

FIGURE 17-36

	

Torque forces against the incisors create a
crown-forward, as well as a root-backward tendency. Preventing
the incisor crowns from tipping forward tends to pull the poste-
rior teeth forward, which can be advantageous if it is desired to
close space in this way.

of the anterior teeth, followed by uprighting.18 The seg-
mented arch technique is used but the spring assembly
is activated differently from the one needed for space
closure in moderate retraction cases. Compared with in-
dependent retraction of the canines with loops, the fail-
safe characteristics of this approach are much improved
(though still not as good as with continuous archwires).
Excellent control of anchorage for maximum retraction,
without the use of headgear, can be obtained. The seg-
mented arch approach is particularly valuable in treat-
ment of adults (see Chapter 20) but can be used very ef-
fectively in adolescents.

Minimum Incisor Retraction
As with any problem requiring anchorage control, the
approaches to reducing the amount of incisor retraction
involve reinforcement of anchorage (the anterior teeth in
this situation) and reduction of strain on that anchorage.
An obvious strategy, implemented at the treatment plan-
ning stage, is to incorporate as many teeth in the anterior
anchor unit as possible. Therefore if extraction of teeth is
necessary at all, extracting a second premolar or molar-
not a first premolar-is desirable. All other factors being
equal, the amount of incisor retraction will be less the fur-
ther posteriorly in the arch an extraction space is located
(see Chapter 8).

A second possibility for reinforcing incisor anchorage
is to place active lingual root torque in the incisor section
of the archwires, maintaining a more mesial position of the
incisor crowns at the expense of somewhat greater retrac-
tion of the root apices (Figure 17-36). When the incisors
protrude, some degree of forward tipping of these teeth is
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usually present, so that when the incisors are retracted, they
can be allowed to tip lingually at least slightly. Advantage
can be taken of this when incisor retraction is desired. Con-
versely, in patients in whom it is desired to close extraction
sites by moving the posterior teeth forward, the incisors are
often already upright, and lingual root torque is likely to be
desired for both esthetic reasons and control of anchorage.
Burstone's segmented arch technique can be used to partic-
ular advantage when this strategy for producing differential
forward movement of posterior teeth is used.'

A third possibility for maximizing forward movement
of posterior teeth is to break down the posterior anchorage,
moving the posterior teeth forward one tooth at a time. Af
ter extraction of a second premolar, for example, it may be
desired to stabilize the eight anterior teeth and to bring the
first molars forward independently, creating a space be-
tween them and the second molars before bringing the
second molars anteriorly. This strategy can readily be
combined with increased torque of the anterior teeth to
minimize retraction.

A final possibility for maximizing protraction of poste-
rior teeth is the use of extraoral force, pulling the teeth for-
ward from a facemask or equivalent device (see Chapter
15). This provides the same opportunities and limitations
as any other use of extraoral force for tooth movement. If
the patient can be persuaded to wear reverse headgear es-
sentially full-time, excellent tooth movement can be ob-
tained. With less than 12 hours of wear per day, however,
the results often are disappointing. Since a reverse head-
gear inevitably crosses the face, it is difficult to obtain the
same level of cooperation as with a conventional posteri-
orly placed headgear, particularly in adolescents who are
the candidates for comprehensive treatment.

As implant/onplant methods to create anchorage are
developed, these almost surely will replace extraoral force
for tooth movement, and space closure by bringing poste
rior teeth forward is likely to be one of the first major uses
of the new approach. It rarely should be necessary to use in-
volved mechanotherapy to protract posterior teeth. The
need for this approach usually arises from an effort to close
spaces from congenitally missing teeth, teeth that were lost
to decay, or perhaps teeth that should not have been ex-
tracted for orthodontic purposes. If the temptation to use
first premolars as a routine extraction is avoided, most of
the need for minimum retraction mechanotherapy is also
avoided.
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The Tbird Stage of Comprebensive
Treatment: Finishing

Root paralleling at extraction sites

Adjustment of individual tooth positions

Torque of incisors

Correction of vertical incisor relationships

Excessive overbite

Anterior open bite

Midline discrepancies

Tooth size discrepancies

Final "settling" of teeth

Removal of bands and bonded attachments

Positioners for finishing

Special finishing procedures to avoid relapse

Control of unfavorable growth

Control of soft tissue rebound

Although many variations are inevitable to meet the
demands of specific cases, it is possible to outline a logical
sequence of archwires for continuous arch edgewise tech
nique, and this has been attempted in Box 18-1. The box is
based on two concepts: (1) that the most efficient archwires
should be used, so as to minimize clinical adjustments and
chair time; and (2) that it is necessary to fill the bracket slot
in the finishing stage with appropriately flexible wires to
take full advantage of the modern appliance. Appropriate
use of the recommended finishing archwires and variations
to deal with specific situations in finishing are reviewed in
some detail later. Similar recommendations and variations
in the first two stages of treatment have been provided in
the two previous chapters.

ROOT PARALLELING
AT EXTRACTION SITES

By the end of the second stage of treatment, the teeth
should be well aligned, extraction spaces should be closed,
and the teeth in the buccal segments should be in a normal
Class I relationship. In the Begg technique, major root
movements of both anterior and posterior teeth still remain
to obtain root paralleling at extraction sites and proper ax-
ial inclination of tipped incisors. With contemporary edge-
wise techniques, much less treatment remains to be accom-
plished at the finishing stage, but minor versions of these
same root movements are likely to be required. In addition,
most cases require some adjustment of individual tooth po-
sitions to get marginal ridges level, obtain precise in-out
positions of teeth within the arches, and generally over-
come any discrepancies produced by errors in either bracket
placement or appliance prescription. In some cases it is
necessary to alter the vertical relationship of incisors as a
finishing procedure, either correcting moderately excessive
overbite or closing a mild anterior open bite.

In the Begg technique, extraction spaces are closed by ini-
tially tipping the teeth together, and then uprighting them
(Figure 18-1). In the finishing stage, the moments neces-
sary for root uprighting are generated by adding auxiliary
springs that fit into the vertical slot of the Begg (ribbon
arch) bracket. In most instances, a heavier (20 mil) archwire
replaces the 16 mil archwire used as a base arch up to that
point, to provide greater stability. Root paralleling is ac-
complished by placing an uprighfng spring in the vertical
slot and hooking it beneath the archwire. Since the root-
uprighting forces are also crown-separating forces, the
crowns must be tied together across the extraction site. The
Begg uprighting springs extend only a short distance from
the point of insertion into the bracket to the point where
they are hooked to the archwire. Therefore it is necessary
both to make the uprighting springs from small-diameter
wire (usually 14 mil steel) and to increase their length by
bending a double helix at the base of the spring.
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To a considerable extent the original Begg bracket has
been replaced by some type of combination bracket (see be-
low) that allows the use of rectangular wire in finishing.
With these brackets, however, root paralleling is accom-
plished with uprighting springs, very much as it was with
traditional Begg treatment. The rectangular wire is used
primarily for torque (facio-lingual root movement), not the
mesio-distal root movement needed for root paralleling at
extraction sites.

During space closure with the edgewise appliance, it is
almost always a goal of treatment to produce bodily tooth
movement during space closure, preventing the crowns
from tipping together. If proper moment-to-force ratios
have been used, little if any root paralleling will be neces-
sary as a finishing procedure. On the other hand, it is likely
that at least a small amount of tipping will occur in some
patients and therefore some degree of root paralleling
often will be necessary.

Exactly the same approach used in Begg technique can
be employed with the edgewise appliance if it includes a

FIGURE 18-1

	

Stages in Begg technique. A, The original
Class 11, division 1 malocclusion; B, space closure during stage 2,
using intra-arch elastics plus Class 11 elastics; C, tooth positions
at the end of state 2 (note the lingual tipping of incisors and
mesiodistal tipping of canines and premolars); D, lateral view
of the Begg appliance, during stage 3, showing auxiliary root-
uprighting springs on second premolars, canines and lateral
incisors. These springs extend into the vertical slot of the Begg
bracket and hook beneath the archwire adjacent to the tooth.
E, Anterior view showing a torquing auxiliary to the maxillary
central incisors. This auxiliary archwire is "piggy-backed" over
the base arch and hooks beneath the base arch posteriorly.
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FIGURE 18-2

	

An auxiliary uprighting spring placed in a ver-
tical slot behind an otherwise standard edgewise bracket, for dis-
tal root positioning of the canine tooth. With the introduction of
contemporary straight-wire appliances, this use of auxiliary up-
righting springs in edgewise technique was almost completely
abandoned in favor of preangulated brackets and resilient NiTi or
beta-Ti archwires.

FIGURE 18-3

	

A rectangular archwire that incorporates ac-
tive root paralleling moments or torque must be tied back
against the molar teeth to prevent space from opening within
the arch. If the ligature used to tie back the archwire is cabled
forward and also used to tie the second premolar, the tieback is
less likely to come loose.

vertical slot behind the edgewise bracket (Figure 18-2).
This allows an uprighting spring to be inserted and hooked
beneath a base archwire in the same way as in Begg tech-
nique. This approach is reasonably effective with narrow
edgewise brackets and an undersized round wire (typically
18 mil) in the 22-slot edgewise appliance, but in contem-
porary edgewise practice, this method has been almost
totally abandoned in favor of angulated bracket slots that
produce proper root paralleling when a full-dimension
edgewise arch is placed as a finishing archwire.

With the 18-slot appliance, the typical finishing
archwire is either 17 X 22 or 17 X 25 steel. These wires
are flexible enough to engage narrow brackets even if mild
tipping has occurred, and the archwire will generate the
necessary root paralleling moments. If a greater degree
of tipping has occurred, a more flexible full-dimension
rectangular archwire is needed. To correct more severe
tipping, a beta-titanium (beta-Ti) or even a nickel-
titanium (M-NiTi) 17 X 25 wire might be needed initially,
with a steel archwire used to obtain final positioning.

With wider 22-slot brackets on the canines and premo-
lars and with the use of sliding rather than loop mechanics,
there is usually even less need for root paralleling as a fin
ishing procedure than with narrow brackets and closing loop
archwires. If teeth do tip even slightly into the extraction
space, however, a full-dimension steel archwire in a 22-slot
bracket is much too stiff to produce the needed root-
uprighting moment. Even a 19 X 2 5 steel wire is undesirably
stiff. A 21 X 25 beta-Ti wire is the best choice for a finish-
ing archwire under most circumstances, and if significant
root paralleling is needed, 21 X 2 5 NiTi should be used first.

Although superelastic NiTi (A-NiTi) wires perform
much better than elastic NiTi (M-NiTi) wires in align-
ment, this is not true of their performance as rectangular
finishing wires. The great advantage of A-NiTi is its very
flat load-deflection curve, which gives it a large range. In
the finishing stage, however, appropriate stiffness at rela-

tively small deflections, rather than range, is the primary
consideration. A-NiTi wires may deliver less force than
their M-NiTi counterparts (this will depend on how the
manufacturer manipulated the wire-see Chapter 10), and
if rectangular A-NiTi is used in the finishing stage, tor-
sional stiffness must be considered in the choice of the wire.
M-NiTi usually is the better choice for rectangular nickel-
titanium wires.

A root-paralleling moment is a crown-separating mo-
ment in edgewise technique just as it is in Begg technique,
and this effect is important to remember. Either the teeth
must be tied together at the extraction site or the entire arch-
wire must be tied back against the molars (Figure 18-3) to
prevent the extraction site from reopening during finishing.

Occasionally, a severely tipped canine tooth will be en-
countered, and a longer range of action is needed than can
be delivered by even the most flexible continuous archwire.
In this situation, there are two options: (1) bending a loop
into a rectangular archwire to provide the desired flexi-
bility (see Figure 17-33), or (2) using an auxiliary root-
uprighting spring (Figure 18-4).

With the 18-slot appliance, the best choice is usually a
box loop in 16 X 22 steel wire. The loop is preferred over
a very flexible archwire because the malalignment is con
centrated at one spot in the arch, and arch form can be dis-
torted by the flexible wire (the same reason that loops are
still occasionally indicated for initial alignment). At the
same time that the root of the canine tooth is being posi-
tioned distally, this loop also can be used to obtain a last bit
of space closure.

A similar box loop archwire can be used with the 22-slot
appliance, made from 18 X 2 5 wire (the smallest size that will
not twist in a 22-slot bracket), but in this size wire the loop
is too stiff for maximum effectiveness. The preferred alter-
native in 22-slot edgewise is to bypass the tipped canine with
a rectangular base arch and use an auxiliary root-uprighting
spring tied into the canine bracket (see Figure 18-4).
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FIGURE 18-4

	

Auxiliary root springs used with the 22-slot appliance. A, An auxiliary root
spring in TMA wire, welded to a base arch that bypasses the canine, is tied into the edgewise
bracket slot on the canine. B, An auxiliary root spring in steel wire, placed in the vertical tube
on a Burstone canine bracket and activated by hooking beneath the base arch posteriorly. Note
that the base archwire bypasses the tooth being uprighted. (Courtesy Dr. DJ. Burstone.)

ADJUSTMENT OF INDIVIDUAL
TOOTH POSITIONS

Root paralleling at extraction sites obviously is not a con-
sideration in non-extraction cases, but the root position of
some teeth may require adjustment at the finishing stage,
and it is likely that up-down and in-out relationships of
some teeth also will need minor change. If the appliance
prescription and bracket positioning were perfect, such ad-
justments would be unnecessary. Given both the variations
in individual tooth anatomy and the modest precision of
bracket placement, many cases need some adjustment of
tooth positions at this stage.

When it becomes apparent that a bracket is poorly po-
sitioned, usually it is time-efficient to rebond the bracket
rather than place compensating bends in archwires. This is
particularly true when the inclination of the tooth is incor-
rect, so that angulated step bends in wires would be re-
quired. After the bracket is rebonded, however, a flexible
wire must be placed to bring the tooth to the correct posi-
tion. Steel finishing wires are too stiff in both the 18 and 22
slot appliances. In the 18 slot appliance, 17 X 25 beta-Ti
usually is satisfactory; in the 22 slot appliance, 21 X 25 M-
NiTi often is the best choice.

Minor in-out and up-down adjustments, typically to
obtain perfect canine interdigitation and level out marginal
ridge heights, can be obtained simply and easily by placing
mild step bends in the finishing archwires. The principle is
the same as when brackets are rebonded: these bends
should be placed in a flexible full-dimension wire, the next-
to-last wire in the typical sequence shown in Box 18-1.
Obviously, any step bends placed in the next-to-last wire
(17 X 25 beta-Ti or 21 X 25 M-NiTi) must be repeated in
the final wire that is used for torque adjustments (17 X 25
steel or 21 X 25 beta-Ti).

Although the position of a V -bend relative to the
adjacent brackets is critical in determining its effect, the
position of a step bend is not a critical variable. It makes no

FIGURE 18-5

	

Torquing auxiliary archwires exert their effect
when the auxiliary, originally bent into a tight circle as shown, is
forced to assume the form of the base archwire over which it will
be placed. This tends to distort the base archwire, which therefore
should be relatively heavy-at least 18 mil steel.

difference whether a step bend is in the center of the in-
terbracket span or offset to either side. 1

TORQUE OF INCISORS

If protruding incisors tipped lingually while they were being
retracted, lingual root torque as a finishing procedure may
be required. In the Begg technique, the incisors are deliber-
ately tipped back during the second stage of treatment, and
lingual root torque is a routine part of the third stage of
treatment. Like root paralleling, this is accomplished with an
auxiliary appliance that fits over the main or base archwire.
The torquing auxiliary is a "piggyback arch" that contacts
the labial surface of the incisors near the gingival margin,
creating the necessary couple with a moment arm of 4 to 5
mm (see Figure 18-1). Although these piggyback torquing
arches come in a number of designs, the basic principle is the
same: the auxiliary arch, bent into a tight circle initially, ex-
erts a force against the roots of the teeth as it is partially
straightened out to normal arch form (Figure 18-5).
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A torquing force to move the roots lingually is also, of
course, a force to move the crowns labially (see Figure
17-36). In a typical patient with a Class II malocclusion, an
chorage is required to maintain overjet correction while
upper incisor roots are torqued lingually. Class II elastics
are normally worn during the third stage of Begg treatment
to ensure that the maxillary incisor crowns do not become
repositioned labially. In addition, the incisors are usually
taken to an edge-to-edge relationship during the second
stage of Begg treatment, allowing some possibility for the
maxillary crowns to move forward during the third stage
(see Figure 18-1). The Class 11 elastics that reinforce the
upper arch, however, further add to the tendency to dis-
place the lower arch mesially, and the inclination of the
lower incisors will be improved as much by labial tipping as
by lingual root torque.

The torquing auxiliaries normally used in Begg tech-
nique not only place lingual force against the incisor roots,
they tend to alter the form of the arch itself, because the
torquing auxiliary wire tends to constrict the base arch pos-
teriorly. A major reason for using a heavier base archwire
in the third stage of treatment is to resist this potential
distortion of arch form. Better results are achieved with a
20 mil steel base arch during the third stage than with a
16 mil wire, as originally used by Begg.

Precise positioning of individual teeth is difficult to
obtain with the Begg appliance. The minimal area of con-

tact between the base archwire and the bracket, though
helpful in providing for relatively free tipping and sliding
movements, makes it impossible to use the base arch to ob-
tain detailed tooth positioning, and the auxiliaries used for
root positioning have no fail-safe component at all. They
continue to work until disconnected. Tooth positioners (see
following) usually are used with the Begg appliance to
detail the occlusal relationships, but a positioner is unable
to materially affect root position.

For this reason, modifications of the Begg appliance, so
that a rectangular archwire in a rectangular slot can be used
for finishing purposes, have been proposed repeatedly. This
method requires a combination bracket, incorporating an
edgewise bracket slot along with the vertically oriented
Begg slot, or a modified edgewise bracket that allows tip-
ping in one direction and that incorporates a vertical slot for
uprighting springs. Recent versions of combination brack-
ets are shown in Figures 18-6 and 18-7. With these varia-
tions, the first two stages of treatment are carried out largely
as in traditional Begg technique. At the finishing stage, root
paralleling and torquing are done with Begg-style auxiliary
wires, up to a stage of completion approximately equivalent
to that at which patients treated with the current edgewise
appliances usually enter the finishing stage. Then a rectan-
gular archwire is used in much the same way that it would
be in edgewise treatment. With the Tip-Edge combination
bracket, however, the rectangular wire fits progressively

FIGURE 18-6

	

A, The CAT (combination anchorage technique) appliance (also shown in
Figure 18-7) uses a combination bracket with both Begg and edgewise slots. A rectangular
archwire in the edgewise slot can be used in finishing, either alone as in the lower arch or
in conjunction with a wire in the Begg slot, as in the upper arch; B to D, the Tip-Edge
appliance uses a modified edgewise bracket to allow the tipping needed in the initial stages
of Begg technique, then employs a rectangular archwire during finishing. (A, Courtesy
Dr. W.J. Thompson; B to D, courtesy Dr. P.C. Kesling.)
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more tightly as auxiliary springs correct the mesio-distal
inclination of tipped teeth, so the action of auxiliary springs
is important for torque as well as root paralleling. 2

In edgewise technique, only moderate additional torque
should be necessary during the finishing stage, except in
the relatively few maximum anchorage patients in 22-slot
edgewise for whom tipping/uprighting was chosen as an
anchorage conservation technique (see below). With the
18-slot appliance, a 17 X 25 steel archwire has excellent
torsion properties, and active torque with the archwire is
entirely feasible. Building torque into the bracket slot ini-
tially means that it is unnecessary to place torquing bends
in the archwire, making the accomplishment of torque as a
finishing procedure relatively straightforward.

With the 22-slot appliance, steel full-dimension rectan-
gular wires are far too stiff for effective torquing, and if in-
cisors have been allowed to tip lingually too much, as can
happen in the correction of maxillary incisor protrusion, cor-
recting this merely by placing a rectangular steel archwire is
not feasible. Torquing auxiliaries similar to those in the Begg
appliance once were commonly used with 22-slot standard
edgewise technique, and a number of designs have been of-
fered commercially. These piggyback arches are usually used
with round rather than rectangular base archwires.

One of the great virtues of pretorqued brackets is that,
even in the 22-slot appliance, tipping of incisors can be
largely prevented during retraction and space closure. In
addition, full-dimension NiTi or beta-Ti archwires can be

FIGURE 18-7

	

Stages in treatment with the CAT appliance. A, The original Class II
crowded malocclusion; B, stage 1, using dual-flex archwires. The anterior section is 16 mil
NiTi, the posterior section 16 steel. In the initial stage of Begg treatment, the rigidity of steel
wire is needed for the anchor bends that control molar position. The dual-flex wires allow
the normal posterior anchor bends, without the necessity for loops for alignment anteriorly;
C, completion of stage 2, with 18 mil steel wires in place (compare with Figure 18-1);
D, early in stage 3 (finishing), with rectangular NiTi wires in the edgewise slot of both the
upper and lower brackets, and an 18 mil steel wire pinned in the Begg slots of the upper
brackets for vertical stabilization; E, later in finishing, with rectangular NiTi wires alone; F,
posttreatment occlusion. (Courtesy Dr. W.J. Thompson.)
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FIGURE 18-8

	

A, Space closure in the segmented arch technique with anterior retraction
springs. Note that the posterior segments are stabilized. The retraction springs fit into the aux-
iliary tubes on the first molars and vertically-oriented auxiliary tubes on the canine brackets.
B, Rectangular archwires for finishing, later in the same case. (Courtesy Dr. C j. Burstone.)

FIGURE 18-9

	

The Burstone torquing auxiliary (also see Figure 10-41) is particularly use-
ful in Class II, division 2 cases where maxillary central incisors need a large amount of torque.
The torquing auxiliary is full-dimension steel wire (21 X 25 or 17 X 25, in 22- or 18-slot
brackets respectively) that fits in the brackets only on the central incisors. The base arch
(preferably also full-dimension rectangular wire) extends forward from the molars through the
lateral incisor brackets, then steps down and rests against the labial surface of the central in-
cisors. When the torquing auxiliary is passive (A), its long posterior arms are up in the buccal
vestibule. It is activated (B) by pulling the arms down and hooking them beneath the base arch-
wire mesial to the first molar. The segment of the base arch that rests against the labial surface
of the central incisors prevents the crowns from going forward, and the result is efficient
torque of the central incisor roots.

used to torque incisors with 22-slot brackets (provided the
brackets have torque built in), further reducing any need
for auxiliary arches. For these reasons, torquing auxiliaries
for 22-slot edgewise have almost disappeared from con-
temporary use.

When tipping/uprighting is used with edgewise tech-
nique, the segmented arch approach is required, and
springs connecting the segments are maintained until the
stage of uprighting approaches what would usually be
observed at the completion of continuous-arch edgewise
space closure (Figure 18-8). At that point, continuous rec-
tangular arches are employed in finishing, as in other edge-
wise cases discussed in this chapter.

One torquing auxiliary deserves special mention: the
Burstone torquing arch (Figure 18-9). It can be particularly
helpful in patients with Class II, division 2 malocclusion
whose maxillary central incisors are severely tipped lin-
gually and require a long distance of torquing movement,

while the lateral incisors need little if any torque. Because
of the long lever arm, this is the most effective torquing
auxiliary for use with the edgewise appliance. It is equally
effective with the 18- or 22-slot appliance. If all four in-
cisors need considerable torque, a wire spanning from the
molar auxiliary tube to the incisors, with a V -bend so that
the incisor segment receives the greater moment, is a
highly efficient approach.

Two factors determine the amount of torque that will
be expressed by any rectangular archwire in a rectangular
slot: the inclination of the bracket slot relative to the arch
wire, and the tightness of the fit between the archwire and
the bracket. The variation in torque prescriptions in con-
temporary edgewise appliances is shown in Table 12-4.
These variations largely reflect different determinations of
the average contour of the labial and buccal surfaces of the
teeth, but some differences are also related to the expected
fit of archwires. With the 18-slot appliance, it is assumed
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FIGURE 18-10

	

Use of an auxiliary depressing arch at the finishing stage to correct a
mildly excessive overbite. A, Lateral view; B, anterior view. The auxiliary depressing wire
is 17 X 2 5 beta-Ti. Note that the maxillary base arch (17 X 2 5 steel) is segmented between
the canine and second premolar. If intrusion is desired, the base arch must be segmented.

that the rectangular archwires used for finishing will fit
tightly in the bracket slot (i.e., that the finishing archwires
will have a minimum dimension of 17 or 18 mil). With the
22-slot appliance, on the other hand, some prescriptions
have extra built-in torque to compensate for rectangular
finishing archwires that will have more clearance. Torque
will not be expressed to the same extent with a 19 X 2 5 wire
in a 22-slot bracket as with a 17 X 25 wire in an 18-slot
bracket. The difference amounts to several degrees of
difference in incisor inclination. (See Table 12-5 for the
"effective torque" of various wire-bracket combinations.)
Obviously, when the torque prescription is established, it is
important to know what finishing wires are intended.

For full expression of the torque built into brackets in
the 22-slot appliance, the best finishing wire usually is 21 X

25 beta-Ti. This wire's torsional stiffness is less than that of
17 X 25 steel (see Figure 10-11 for a comparison of tor-
sional stiffnesses of different types and sizes of wire), but
the shorter interbracket distances with 22-slot brackets
bring its performance in torsion close to that of the smaller
steel wire. Braided rectangular steel wires are available in a
variety of stiffnesses, and the stiffest of these in 21 X 2 5 di-
mension also can be useful in 22-slot finishing. A solid 21
X 25 steel wire cannot be recommended because of its stiff-
ness and the resulting extremely high forces and short
range of action. If a solid steel wire of this size is used (the
major reason would be surgical stabilization), it should be
preceded by 21 X 25 beta-Ti.

CORRECTION OF VERTICAL
INCISOR RELATIONSHIPS

If the first two stages of treatment have been accomplished
perfectly, no change in the vertical relationship of incisors
will be needed during the finishing stage of treatment. Mi-
nor adjustments often are needed, however, and major ones
occasionally are required. At this stage, anterior open bite
is more likely to be a problem than residual excessive over-
bite, but either may be encountered.

Excessive Overbite
Before attempting to correct excess overbite at the finish-
ing stage of treatment, it is important to carefully assess
why the problem exists, and particularly to observe the ver-
tical relationship between the maxillary lip and maxillary
incisor. An excessive curve of Spee in the lower arch still
may be the cause of overbite, but by this stage of treatment,
the problem is often slight elongation of the maxillary
incisors. If so, an auxiliary intrusion arch is the preferred
solution.

If a rectangular finishing archwire is already in place,
the simplest approach may be to cut this archwire distal to
the lateral incisors and install an auxiliary intrusion arch
(Figure 18-10). Alternatively, if the patient is still growing
and relative rather than absolute intrusion would be satis-
factory (see Chapter 17), a light round continuous archwire
(16 or 18 mil steel) with an accentuated curve of Spee can
be placed and an auxiliary arch added to it. As a general
rule, if an auxiliary depressing arch is added to a continu-
ous base archwire, the base archwire should be a relatively
small round wire, whereas if the base arch is segmented, the
segments should be rectangular wire.

Remember that when an auxiliary intrusion arch is
used, a stabilizing transpalatal lingual arch may be needed
to maintain control of transverse relationships and prevent
excessive distal tipping of the maxillary molars. The greater
the desired vertical change in incisor position, the more
important it will be to have a stabilizing lingual arch in
place, and vice versa. Small corrections during finishing
usually do not require placing a lingual arch.

Anterior Open Bite
As with deep bite, it is important to analyze the source of
the difficulty if an anterior open bite persists at the finish-
ing stage of treatment. Only rarely is a persistent open bite
caused by lack of eruption of the upper incisors, so elon-
gating these teeth usually is undesirable. If the open bite re-
sults from excessive eruption of posterior teeth, whether
from a poor growth pattern or improper use of interarch
elastics, correcting it at the finishing stage can be extremely
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FIGURE 18-11

	

Anterior vertical elastics used with light arch-
wires to close a mild anterior open bite at the end of the treat-
ment. A 16 mil round wire with a curve of Spec is used in the
lower arch, where most of the tooth movement should occur. A
full dimension rectangular wire often is preferred in the upper
arch. For this patient, two small elastics are being used on the
right and left sides. An alternative is to use a single larger elastic
in an anterior box configuration.

difficult. High-pull headgear to the upper molars is the best
approach if excessive vertical development of the posterior
maxilla is the basic problem, and this treatment will have to
be continued until growth is nearly complete, usually well
into the retention period.

If no severe problems with the pattern of facial growth
exist, however, a mild open bite at the finishing stage of
treatment usually is due to an excessively level lower arch.
This condition is managed best by elongating the lower but
not the upper incisors, thereby creating a slight curve of
Spee in the lower arch. Because of the stiffness of the rec-
tangular archwires used for finishing, even with 18-slot
edgewise, it is futile to use vertical elastics without altering
the form of the archwires to provide a curve of Spee in the
lower arch. Moreover, it is preferable to replace a heavy
rectangular lower archwire with a lighter round wire before
using anterior vertical elastics.

The preferred approach is to place a light round wire
(16 or 18 mil steel) in the lower arch, with a slight curve of
Spee and any vertical steps necessary to correct marginal
ridge discrepancies, while retaining a full-dimension rec-
tangular archwire in the upper arch. Posterior marginal
ridge discrepancies may also contribute to the open bite
and should be eliminated with small vertical steps in the
archwires. Light elastic force is then used to augment the
action of the archwires, elongating the lower incisors to
close the open bite (Figure 18-11). Elongating lower an-
terior teeth in this way, of course, is no substitute for
controlling posterior vertical development. If carried to
an extreme, this will produce an esthetically unacceptable
relationship even if proper occlusion is achieved.

To summarize: as a general guideline, mildly excessive
overbite at the finishing stage usually is treated best by
slightly intruding the maxillary incisors, using an auxiliary
depressing arch and segmenting the main archwire; but
mild open bite at the end of treatment usually is treated
best by elongating the lower but not the upper incisors.
This is both more esthetic and more stable than elongating
the upper incisors.

MIDLINE DISCREPANCIES

A relatively common problem at the finishing stage of
treatment is a discrepancy in the midlines of the dental
arches. This condition can result either from a preexisting
midline discrepancy that was not completely resolved at an
earlier stage of treatment or an asymmetric closure of
spaces within the arch. Minor midline discrepancies at the
finishing stage are no great problem, but it is quite difficult
to correct large discrepancies after extraction spaces have
been closed and occlusal relationships have been nearly es-
tablished.

As with any discrepancy at the finishing stage, it is im-
portant to establish as clearly as possible exactly where the
discrepancy arises. Although coincident dental midlines are
an important component of functional occlusion-all other
things being equal, a midline discrepancy will be reflected
in how the posterior teeth fit together-it is undesirable es-
thetically to displace the maxillary midline, bringing it
around to meet a displaced mandibular midline. A correct
maxillary midline is important for good facial esthetics,
while a small displacement of the mandibular midline cre-
ates no esthetic difficulty.

If a midline discrepancy results from a skeletal asym-
metry, it may be impossible to correct it orthodontically,
and treatment decisions will have to be made in the light of
camouflage vs. surgical correction (see discussion in Chap-
ter 8). Fortunately, midline discrepancies in the finishing
stage usually are not this severe and are caused only by lat-
eral displacements of maxillary or mandibular teeth ac-
companied by a mild Class Il or Class III relationship on
one side.

In this circumstance, the midline often can be cor-
rected by using asymmetric Class II (or Class III) elastic
force. As a general rule, it is more effective to use Class II
or Class III elastics bilaterally with heavier force on one
side than to place a unilateral elastic. However, if one side
is totally corrected while the other is not, the patient usu-
ally tolerates a unilateral elastic reasonably well. It is also
possible to combine a Class II or Class III elastic on one
side with a diagonal elastic anteriorly, to bring the midlines
together (Figure 18-12). Coordinated steps in the arch-
wires also can be used to shift the teeth of one arch more
than the other. 4

An important consideration in dealing with midline
discrepancies is the possibility of a mandibular shift con-
tributing to the discrepancy. This can arise easily if a
slight discrepancy in the transverse position of posterior
teeth is present. For instance, a slightly narrow maxillary
right posterior segment can lead to a shift of the mandible
to the left on final closure, creating the midline discrep-
ancy. The correction in this instance, obviously, must in-
clude some force system (usually careful coordination of
the maxillary and mandibular archwires, perhaps rein-
forced by a posterior cross-elastic) to alter the transverse
arch relationships. Occasionally, the entire maxillary arch
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FIGURE 18-12

	

Midline correction can be approached with any combination of asymmetric
posterior and anterior diagonal elastics. A and B, In this patient, a combination of Class 11, Class
111, and anterior diagonal elastics are being used, with a rectangular archwire in the lower arch
and a round wire in the upper arch, attempting to shift the maxillary arch to the right.

FIGURE 18-13

	

Parallel cross-elastics, used to correct a mild
transverse discrepancy leading to the lateral mandibular shift late
in treatment.

is slightly displaced transversely relative to the man-dibu-
lar arch so that with the teeth in occlusion, relationships are
excellent, but there is a lateral shift to reach that position.
Correction again would involve posterior cross-elastics,
but in a parallel pattern as shown in Figure 18-13.

If a midline discrepancy is from displacement of
mandibular teeth more than maxillary teeth, or vice versa,
the difference in stability with rectangular vs. round wires
can be used to help in correcting the situation. If the max-
illary midline is correct while the mandibular midline de-
viates slightly toward one side, and a mild Class II rela-
tionship still exists on that side, replacing the rectangular
mandibular finishing arch with a 16 or 18 mil round wire
while retaining a full-dimension rectangular arch in the
upper arch can facilitate correction with a unilateral Class
II elastic. This approach should be reserved for small dis-
crepancies, and it is important to carefully observe and
control any expansion of the lower molar while a Class II
elastic is worn against a light archwire. Prolonged use of
Class II or Class III elastics during the finishing stage of
treatment should be avoided, but a brief period of inter-
arch elastic force is often necessary to obtain final posi-
tioning of teeth.

TOOTH SIZE DISCREPANCIES

Tooth size discrepancy problems must be taken into account
when treatment is planned initially (see Chapter 7), but many
of the steps to deal with these problems are taken in the finish-
ing stage of treatment. Reduction of interproximal enamel
(stripping) is the usual strategy to compensate for discrepancies
caused by excess tooth size. When the problem is tooth size de-
ficiency, it is necessary to leave space between some teeth,
which may or may not ultimately be closed by restorations.

One of the advantages of a bonded appliance is that
interproximal enamel can be removed at any time. When
stripping of enamel is part of the original treatment plan,
most of the enamel reduction should be done initially, but
final stripping can be deferred until the finishing stage.
This procedure allows direct observation of the occlusal
relationships before the final tooth size adjustments are
made. A topical fluoride treatment always is recom-
mended immediately after stripping is done.

Tooth size deficiency problems often are caused by
small maxillary lateral incisors. A small space distal to the
lateral incisor can be esthetically and functionally accept
able, but a composite resin build-up of the small lateral in-
cisor usually is the best plan for small incisors (Figure
18-14). It is better to add small amounts of resin on both
sides of a small tooth than a large amount on one side.
During finishing, segments of coil spring are placed on
the finishing archwire to precisely position the small
tooth. Precise finishing is easier if the build-up is done
during the finishing stage of the orthodontic treatment.
This can be accomplished simply by removing the bracket
from the small tooth or teeth for a few hours while the
restoration is done, then replacing the bracket and arch-
wires.' Alternatively, the composite build-ups should be
done as soon possible after the patient is in retention.
This requires an initial retainer to hold the space, and a
new retainer immediately after the restoration is com-
pleted. The main reason for waiting until after the ortho-
dontic appliance has been removed is to allow any gingi-
val inflammation to resolve itself.
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FIGURE 18-14

	

Small maxillary lateral incisors create tooth-size discrepancy
problems that may become apparent only late in treatment. A, Setup showing
anterior edge-to-edge relationship with the upper incisors in proximal contact;
B, spaces distal to the lateral incisors with proper overjet/overbite relationship.
Leaving a small space distal to the laterals, where it does not show, can be a
satisfactory solution for some patients. C, Wax-up showing possible addition of
composite restorative material to build up the small laterals and allow space
closure; D, clinical photograph of same patient immediately after; E, 12 months
after composite build-ups of the laterals. Addition of composite material to bring
small lateral incisors to normal size usually is the preferred solution. (From Fields
ILW: Am f Orthod 79:176-183, 1981.)

More generalized small deficiencies can be masked
by altering incisor position in any of several ways. To a
limited extent, torque of the upper incisors can be used
to compensate: leaving the incisors slightly more up-
right makes them take up less room relative to the lower
arch and can be used to mask large upper incisors, while
slightly excessive torque can partially compensate for
small upper incisors. These adjustments require third-
order bends in the finishing archwires. It is also possi-
ble to compensate by slightly tipping teeth, or by fin-
ishing the orthodontic treatment with mildly excessive
overbite or overjet, depending on the individual cir-
cumstances. b

FINAL "SETTLING" OF TEETH

At the conclusion of Class II or Class III correction, partic-
ularly if interarch elastics have been used, the teeth tend to
rebound back toward their initial position despite the pres-
ence of rectangular archwires. In addition, it is not uncom-
mon for a full-dimension rectangular archwire, no matter
how carefully made, to hold some teeth slightly out of oc-
clusion.

Because of the rebound after Class II or Class III treat-
ment, it is important to slightly overcorrect the occlusal re-
lationships. In a typical Class II anterior deep bite patient,
the teeth should be taken to an end-to-end incisor rela-



FIGURE 18-15

	

In finishing, overcorrection of Class II or Class III relationships is necessary
to compensate for the rebound that occurs when headgear or elastic force is discontinued. A, Oc-
clusion at the time Class 11 elastics were discontinued; B, same patient 8 weeks later, without
archwire changes or other treatment.

tionship, with both overjet and overbite totally eliminated,
before the headgear or elastic forces are discontinued (Fig-
ure 18-15). This provides some latitude for the teeth to re-
bound or settle into the proper relationship.

No matter what the original malocclusion, a rectangu-
lar finishing archwire nearly always requires some first-, sec-
ond-, or third-order bends to precisely position the teeth.
One cannot simply place an ideal rectangular archwire in a
straight-wire appliance and assume that the ideal position of
each tooth will result. For essentially every patient, varia-
tions in tooth morphology and bracket positions will require
some adjustments in the final rectangular archwires.

The more precisely the archwire fits the brackets and
the more bends that it requires, the more likely that some
teeth will be almost but not quite in occlusion. This phe
nomenon was recognized by the pioneers with the edge-
wise appliance, who coined the term "arch-bound" to de-
scribe it. They found that with precisely fitting wires, it was
almost impossible to get every tooth into solid occlusion,
although one could come close.

These considerations lead to the formulation of two
rules in finishing treatment:

1. Interarch elastics and headgear should be discon-
tinued, and the rebound from their use allowed to
express itself, 4 to 8 weeks before the orthodontic
appliances are removed.

2. As a final step in treatment, the teeth should be
brought into a solid occlusal relationship without
heavy archwires present.

The final step of finishing therefore is appropriately
called "settling," since its purpose is to bring all teeth into
a solid occlusal relationship before the patient is placed in
retention. There are three ways to settle the occlusion:
(1) by replacing the rectangular archwires at the very end
of treatment with light round arches that provide some
freedom for movement of the teeth (16 mil in the 18-slot
appliance, 16 or 18 mil in the 22-slot appliance) and al-
lowing the teeth to find their own occlusal level; (2) with
laced posterior vertical elastics after removing the poste-

rior segments of the archwires; or (3) after the bands
and brackets have been removed, with the use of a tooth
positioner.

Replacing full-dimension rectangular wires with light
round wires at the very end of treatment was the original
method for settling, recommended by Tweed in the 1940s
and perhaps by other edgewise pioneers earlier. These
light final arches must include any first- or second-order
bends used in the rectangular finishing arches. It is usually
unnecessary for the patient to wear light posterior vertical
elastics during this settling, but they can be used if needed
(Figure 18-16). These light arches will quickly settle the
teeth into final occlusion and should remain in place for
only a few weeks at most.

The difficulty with undersized round wires at the end
of treatment is that some freedom of movement for settling
of posterior teeth is desired, but precise control of anterior
teeth is lost as well. It was not until the 1980s that ortho-
dontists realized the advantage of removing only the pos-
terior part of the rectangular finishing wire, leaving the
anterior segment (typically canine-to-canine or first pre-
molar-to-first premolar, and using laced elastics to bring
the posterior teeth into tight occlusion (Figure 18-17).7
This method sacrifices a large degree of control of the pos-
terior teeth, and therefore should not be used in patients
who had major rotations or posterior crossbite. For the ma-
jority of patients who had well-aligned posterior teeth from
the beginning, however, this is a remarkably simple and ef-
fective way to settle the teeth into their final occlusion. It is
the last step in active treatment for the majority of patients
at present.

The elastics for this settling are laced around the tubes
and brackets as shown in Figure 18-17. A typical arrange-
ment is to use light3/4-inch elastics, with a Class II or Class
III direction depending on whether slightly more correc-
tion is desired. These elastics should not remain in place for
more than 2 weeks, and 1 week usually is enough to ac-
complish the desired settling. At that point, the fixed appli-
ances should be removed and the retainers placed.
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FIGURE 18-16

	

Use of vertical elastics for settling. A, Heavy rectangular archwires have been
replaced by 16 mil steel, and3/8-inch light vertical elastics in a box pattern are being worn to bring

the teeth into tight occlusion; B, 4 weeks later.

FIGURE 18-17

	

Use of laced elastics for settling the teeth into final occlusion at the end of

treatment. The elastics can be used either with light round archwires, or with rectangular
segments in the anterior brackets and no wire at all posteriorly.

REMOVAL OF BANDS
AND BONDED ATTACHMENTS

Removal of bands is accomplished by simply breaking the

cement attachment and then lifting the band off the

tooth-which sounds simpler than it is in some instances.

For upper molar and premolar teeth, a band-removing pli-

ers is placed so that first the lingual, then the buccal surface

is elevated by the pliers (Figure 18-18). A welded lingual

bar is needed on these bands to provide a point of attach-

ment for the pliers if lingual hooks or cleats are not a part

of the appliance. For the lower posterior teeth, the se-

quence of force is just the reverse: the band-removing pli-

ers is applied first on the buccal, then the lingual surface.

Maxillary anterior bands are removed from the labial sur-

face with an anterior band-removing pliers, while tightly

fitted mandibular anterior bands usually must be slit with a

cutting pliers to make it possible to take them off. The dif-

ficulty of removing anterior bands is another reason for

bonding except in special circumstances.

Bonded brackets must be removed, insofar as possible,

without damaging the enamel surface. This is done by cre-

ating a fracture within the resin bonding material or be

tween the bracket and the resin, and then removing the

residual resin from the enamel surface (Figure 18-19).

With metal brackets, applying a cutting pliers to the base of

the bracket so that the bracket bends has the disadvantage

of destroying the bracket, which otherwise could be reused,

but this is the safest method.'

Enamel damage from debonding metal brackets is

rare, but there have been a number of reports of enamel

fractures and removal of chunks of enamel when ceramic

brackets are debonded (see Chapter 12 for a more detailed

discussion). It also is easy to fracture a ceramic bracket

while attempting to remove it, and if that happens, large

pieces of the bracket must be ground away with a diamond
stone in a handpiece. These problems arise because ce-

ramic brackets have little or no ability to deform-they are

either intact or broken. Shearing stresses are applied to the

bracket to remove it, and the necessary force can become

alarmingly large, even with the special instruments now of-

fered for this purpose (Figure 18-20).
There are three approaches to these debonding prob-

lems: (1) grind away the brackets, rather than attempting to

break them loose. This is time consuming, and there is the

risk of enamel damage from the diamond rotary instru-

ments; (2) modify the interface between the bracket and the

bonding resin to increase the chance that when force is
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FIGURE 18-18

	

Removal of molar bands with a band-removing pliers. A, Lower posterior
bands are removed primarily with pressure from the buccal surface; B, upper posterior bands are
removed from the lingual surface, using a lingual attachment welded to the band.

FIGURE 18-19

	

Removal of bonded brackets. A, A special pliers with a wire loop can be used
to grasp the one wing of the bracket and apply a shearing force to fracture the bonding resin.
This works particularly well with twin brackets. The advantage of this method is that the bracket
usually is undamaged; the disadvantage is heavy force that may cause enamel damage; B, a cut-
ter can be used to distort the bracket base, which leads to fractures within the bonding resin. The
first approach is more compatible with recycling of brackets, but the second is safer.

applied, the failure will occur between the bracket and the
bonding material. Chemical bonds between the bonding
resin and the bracket can be too good, and most manufac-
turers now have weakened them or abandoned chemical
bonding altogether; (3) use heat to soften the bonding
resin, so that the bracket can be removed with lower force.9
Electrothermal and laser instruments for removing ce-
ramic brackets now are available. There is no doubt that
less force is needed when the bracket is heated, and re-
search findings indicate that there is little patient discom-
fort and minimal risk of pulpal damage. Nevertheless, the
ideal solution would be to perfect the second approach so
that ceramic brackets can be debonded without heating as
readily as metal ones.

Cement left on the teeth after debanding can be re-
moved easily by scaling, but residual bonding resin is more
difficult to remove. The best results are obtained with a 12
fluted carbide bur at moderate speeds in a dental handpiece
(Figure 18-21). 1° This bur cuts resin readily but has little
effect on enamel. Topical fluoride should be applied when
the cleanup procedure has been completed, however, since
some of the fluoride-rich outer enamel layer may be lost
with even the most careful approach.

FIGURE 18-20

	

A number of special instruments have been
designed to make removal of ceramic brackets safer and easier.
This one creates a torquing force on the bracket. Whatever the
special instrument, however, weakening the bond first (with heat
or laser) probably is needed for maximum effectiveness.
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FIGURE 18-21

	

Removing excess bonding resin is best accomplished with a smooth
12-fluted carbide bur, followed by pumicing. A, Close-up view of the virgin surface of upper
incisors; B, excess resin left on the tooth surface after removal of brackets. Upon debonding,
the bond failure usually occurs between the base of the bracket and the resin, leaving excess
resin on the tooth. The carbide bur is used with a general wiping motion to remove the resin;
C, tooth surface after the remainder of the resin has been removed with the bur; D, tooth
surface after final removal of resin (compare with A).

POSITIONERS FOR FINISHING

An alternative to segmental elastics or light round archwires
for final settling is a rubber or plastic tooth positioner. A po-
sitioner is most effective if it is placed immediately on re-
moval of the fixed orthodontic appliance. Normally, it is
fabricated by removing the archwires 4 to 6 weeks before
the planned removal of the appliance, taking impressions of
the teeth and a registration of occlusal relationships, and
then resetting the teeth in the laboratory, incorporating the
minor changes in position of each tooth necessary to pro-
duce appropriate settling (Figure 18-22). All erupted teeth
should be included in the positioner, to prevent supererup-
tion. As part of the laboratory procedure, bands and brack-
ets are trimmed away, and any band space is closed.

This indirect approach allows individual tooth posi-
tions to be adjusted with considerable precision, bringing
each tooth into the desired final relationship. The posi
tioning device is then fabricated by forming either a hard
rubber or soft plastic material around the repositioned and
articulated casts, producing a device with the inherent
elasticity to move the teeth slightly to their final position
(Figure 18-23).

The use of a tooth positioner rather than final settling
archwires has two advantages: (1) it allows the fixed appli-

ance to be removed somewhat more quickly than otherwise
would have been the case (i.e., some finishing that could
have been done with the final archwires can be left to the
positioner), and (2) it serves not only to reposition the teeth
but also to massage the gingiva, which is almost always at
l east slightly inflamed and swollen after comprehensive or-
thodontic treatment. The gingival stimulation provided by
a positioner is an excellent way to promote a rapid return
to normal gingival contours (Figure 18-24).

The use of positioners for finishing also has disadvan-
tages. First of all, these appliances require a considerable
amount of laboratory fabrication time, and therefore are
expensive. Second, settling with a positioner tends to in-
crease overbite more than the equivalent settling with light
elastics. This is a disadvantage in patients who had a deep
overbite initially but can be advantageous if the initial
problem was an anterior open bite. Third, a positioner does
not maintain the correction of rotated teeth well, which
means that minor rotations may recur while a positioner is
being worn. Finally, good cooperation is essential.

With modern edgewise appliances, the first advantage
is not nearly so compelling as it was previously. It is an er-
ror to depend on a positioner to accomplish more than
minimal settling of the occlusion. Major movements of
teeth simply cannot be accomplished with any degree of
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FIGURE 1S-ZZ

	

Use of a positioner for finishing. A, Casts 1 month before appliance removal, used to fab-
ricate an immediate positioner; B, the positioner setup, with bands and brackets carved off the teeth in the lab-
oratory; C, casts 2 weeks after appliance removal and placement of the positioner, showing the teeth settled
into their finished relationship.

FIGURE 18-23

	

A tooth positioner made from a transparent
plastic material, placed in the patient's mouth. The patient bites
into the positioner, which creates forces to slightly displace the
teeth and also massages the gingiva. A device of this type is most
effective in moving teeth if it is placed immediately after the fixed
appliance is removed.

certainty. At present, therefore, there are two main indica-
tions for use of a positioner: (1) a gingival condition with
more than the usual degree of inflammation and swelling at
the end of active orthodontics, or (2) an open bite tendency,
so that settling by mild depression rather than elongation
of posterior teeth is needed. Severe malalignment and ro-
tated teeth, a deep bite tendency, and an uncooperative pa-
tient are contraindications for positioner use.

A positioner should be worn by the patient at least 4
hours during the day and during sleep. Since the amount of
tooth movement produced by a positioner tends to decline
rapidly after a few days of use, an excellent schedule is to re-
move the orthodontic appliances, clean the teeth and apply
a fluoride treatment, and place the positioner immediately,
asking the patient to wear it as nearly full time as possible
for the first 2 days. After that, it can be worn on the usual
night-plus-4 hours schedule.

FIGURE 18-24

	

Gingival improvement with positioner wear.
A, Swollen maxillary papillae immediately after band removal,
j ust before placement of a positioner; B, 2 weeks later. This de-
gree of gingival reaction anteriorly is rarely seen, especially with
bonded attachments, but when it occurs, a positioner is one of the
best means to resolve it.

As a general rule, a tooth positioner in a cooperative
patient will produce any changes it is capable of within 3
weeks. Final (posttreatment) records can be taken 2 or 3
weeks after the positioner is placed. Beyond that time, if the
positioner is continued, it is serving as a retainer rather
than a finishing device (see Chapter 19)-and positioners,
as a rule, are not good retainers.
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SPECIAL FINISHING PROCEDURES
TO AVOID RELAPSE

Relapse after orthodontic treatment has two major causes:
(1) continued growth by the patient in an unfavorable
pattern, and (2) tissue rebound after the release of ortho-
dontic force.

Control of Unfavorable Growth
Changes resulting from continued growth in a Class II,
Class III, deep bite, or open bite pattern contribute to a re-
turn of the original malocclusion, and so are relapse in that
sense. These changes are not attributed to tooth movement
alone, however, but to the pattern of skeletal growth. Con-
trolling this type of relapse requires a continuation of active
treatment after the fixed appliances have been removed,
rather than specific finishing procedures to prevent relapse.
For patients with skeletal problems who have undergone
orthodontic treatment, this "active retention" takes one of
two forms. One possibility is to continue extraoral force in
conjunction with orthodontic retainers (high-pull head-
gear at night, for instance, in a patient with a Class II open
bite growth pattern). The other appropriate option is to use
a functional appliance rather than a conventional retainer
after the completion of fixed appliance therapy. This im-
portant subject is discussed in more detail in Chapter 19.

Control of Soft Tissue Rebound
A major reason for retention is to hold the teeth until soft
tissue remodeling can take place. Even with the best re-
modeling, however, some rebound from the application of
orthodontic forces occurs, and indeed the tendency for re-
bound after interarch elastics are discontinued has already
been discussed. There are two ways to deal with this phe-
nomenon: (1) overtreatment, so that any rebound will only
bring the teeth back to their proper position, and (2) ad-
junctive periodontal surgery to reduce rebound from elas-
tic fibers in the gingiva. In some cases, permanent retention
is required to maintain the desired relationships, but this
need not be planned if either of the two approaches de-
scribed here would make it unnecessary.

Overtreatment. Since it can be anticipated that
teeth will rebound slightly toward their previous position
after orthodontic correction, it is logical to position them
at the end of treatment in a somewhat overtreated position.
Only a small degree of overtreatment is compatible with
precise finishing of orthodontic cases as described previ-
ously, but it is nevertheless possible to apply this principle
during the finishing phase of treatment. Consider three
specific situations:

Correction of Class // or Class /// Malocclusion.

	

The
rebound or settling after Class II or Class III correction has
already been discussed. After headgear or elastics have been
discontinued, it can be expected that the teeth will rebound
1 to 2 mm (see Figure 18-15), so this degree of overtreat-
ment is required. This rebound is entirely different from re-

lapse tendencies caused by continued growth, which take at
least several months to become apparent. The rebound from
the forces used for Class II or Class III correction occurs rel-
atively quickly, within 3 to 4 weeks. When elastics are used,
therefore, the patient should be taken to a slightly overcor-
rected position, and elastics discontinued for 3-4 weeks to
allow rebound to occur, before appliances are removed.

Particularly when a patient has been wearing Class II
elastics, he or she may begin to posture the mandible for-
ward, so that the malocclusion looks more corrected than it
really is. For this reason also, it is important to allow a pe-
riod of time without elastics before ending active treat-
ment, to be sure that the patient really has been corrected
and is not just posturing. This is different from rebound,
which occurs independently of mandibular posturing, but
obviously it is important to detect. Rebound is a 1-2 mm
phenomenon; posturing can produce an apparent 4-5 mm
relapse. The best plan is to reduce the force on Class II
elastics when the apparently correct degree of overcorrec-
tion has been achieved but maintain them full-time for 3-4
weeks, then wear them just at night for another appoint-
ment period, and finally discontinue them completely for
at least 4 weeks before removing the appliances.

Crossbite Correction.

	

Whatever the mechanism used
to correct crossbite, it should be overcorrected by at least
1 to 2 mm before the force system is released. If the cross
bite is corrected during the first stage of treatment, as
should be the case, the overcorrection will gradually be
lost during succeeding phases of treatment, but this should
improve stability when transverse relationships are estab-
lished precisely during the finishing phase.

Irregular and Rotated Teeth.

	

Just as with crossbites,
irregularities and rotations can be overcorrected during the
first phase of treatment, carrying a tooth that has been lin
gually positioned slightly too far labial, for instance, and
vice versa. It is wise to hold the teeth in a slightly overcor-
rected position for at least a few months, during the end of
the first stage of treatment and the second stage. As a gen-
eral rule, however, it is not wise to build this overcorrection
into rectangular finishing archwires.

Similarly, a tooth being rotated into position in the arch
can be overrotated. Maintaining an overrotated position can
be done by adjusting the wings of single brackets, or by
pinching shut one of a pair of twin brackets. Maintaining
overcorrected labiolingual positions of incisors is done read-
ily with first-order bends in working archwires. Rotated
teeth should be maintained in an overcorrected position as
long as possible, but even then, these teeth are often candi-
dates for the periodontal procedures described following.

Adjunctive Periodontal Surgery.

	

A major cause of
rebound after orthodontic treatment is the network of elas-
tic supracrestal gingival fibers. As teeth are moved to a new
position, these fibers tend to stretch, and they remodel very
slowly. If the pull of these elastic fibers could be eliminated,
a major cause of relapse of previously irregular and rotated
teeth should be eliminated. In fact, if the supracrestal fibers
are sectioned and allowed to heal while the teeth are held
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in the proper position, relapse caused by gingival elasticity
is greatly reduced.

Surgery to section the supracrestal elastic fibers is a
simple procedure that does not require referral to a peri-
odontist. It can be carried out by either of two approaches.
The first method, originally developed by Edwards,

I I is
called circumferential supracrestal fibrotomy (CSF) (Figure
18-25). After infiltration with a local anesthetic, the proce-
dure consists of inserting the sharp point of a fine blade
into the gingival sulcus down to the crest of alveolar bone.
Cuts are made interproximally on each side of a rotated

tooth and along the labial and lingual gingival margins un-
less, as is often the case, the labial or lingual gingiva is quite
thin, in which case this part of the circumferential cut is
omitted. No periodontal pack is necessary, and there is only
minor discomfort after the procedure.

An alternative method is to make an incision in the
center of each gingival papilla, sparing the margin but sep-
arating the papilla from just below the margin to 1 to 2 mm
below the height of the bone buccally and lingually (Figure
18-26). 12 This modification is said to reduce the possibility
that height of the gingival attachment will be reduced after

FIGURE 18-25

	

Elastic stretch of the supracrestal gingival fibers and the release of this elastic stretch
by fiber section can be demonstrated by placing tattoo marks in the gingiva. A, India ink tattoos placed in
the vicinity of a rotated mandibular canine before correction of the rotation; B, elastic thread used to ro-
tate the tooth into position; C, the tooth rotated to its correct position in the arch. Note the displacement
of the gingival tissues, as revealed by the deviation of the tattoo marks. D, Circumferential incision around
the tooth, penetrating to the crest of the alveolar bone; E, after the incision, the gingival tissue returns to
its original position. Periodontal probing shows a normal sulcus depth after the incision. (From Edwards
JG: Am I Orthod 57:35-46, 1970.)

FIGURE 18-26

	

The "papilla split" procedure is an alternative to the CSF approach for sectioning gin-
gival circumferential fibers to improve post-treatment stability. Vertical cuts are made in the gingival papil-
lae without separating the gingival margin at the papilla tip. A, The blade inserted to make the vertical cut;
B, view at completion of the papilla splits before sutures are placed (see also Figure 21-1). One advantage
of this procedure is that it is easier to perform with an orthodontic appliance and archwire in place.
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the surgery, and it is indicated for esthetically sensitive
areas (i.e., the maxillary incisor region). Nevertheless, there
is little if any risk of gingival recession with the original
CSF procedure unless cuts are made across thin labial or
lingual tissues. From the point of view of improved stabil-
ity after orthodontic treatment, the surgical procedures
appear to be equivalent.

Neither the CSF nor the papilla-dividing procedure
should be done until malaligned teeth have been corrected
and held in their new position for several months, so this
surgery is always done toward the end of the finishing
phase of treatment. It is important to hold the teeth in good
alignment while gingival healing occurs. This means that
either the surgery should be done a few weeks before re-
moval of the orthodontic appliance or, if it is performed at
the same time the appliance is removed, a retainer must be
inserted almost immediately. It is easier to do the CSF pro-
cedure after the orthodontic appliances have been re-
moved, although it can be carried out with appliances in
place. An advantage of the papilla-dividing procedure may
be that it is easier to perform with the orthodontic appli-
ance still in place. The only problem with placing a retainer
immediately after the surgery is that it may be difficult to
keep the retainer from contacting soft tissue in a sore area.

Experience has demonstrated that sectioning the gingi-
val fibers is an effective method to control rotational re-
lapse but does not control the tendency for crowded
incisors to again become irregular. The primary indication
for gingival surgery therefore is a tooth or teeth that were
severely rotated. This surgery is not indicated for patients
with crowding without rotations.
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Retention

Why is retention necessary?
Reorganization of the periodontal and gingival tissues
Occlusal changes related to growth

Removable appliances as retainers
Hawley retainers
Removable wraparound retainers

Fixed retainers
Active retainers

Realignment of irregular incisors: spring retainers
Correction of occlusal discrepancies: modified functional

appliances as active retainers

At sporting events, no matter how good things look for
one team late in the game, the saying is "It's not over till it's
over." In orthodontics, although the patient may feel that
treatment is complete when the appliances are removed, an
important stage lies ahead. Orthodontic control of tooth
position and occlusal relationships must be withdrawn
gradually, not abruptly, if excellent long-term results are to
be obtained. The type of retention should be included in
the original treatment plan.

WHY IS RETENTION NECESSARY?

There is extensive literature on retention and post-treat-
ment stability, which has been reviewed recently.' Although
a number of factors can be cited as influencing long-term re-
sults, orthodontic treatment results are potentially unstable,
and therefore retention is necessary, for three major reasons:
(1) the gingival and periodontal tissues are affected by or-
thodontic tooth movement and require time for reorganiza-
tion when the appliances are removed; (2) the teeth may be
in an inherently unstable position after the treatment, so
that soft tissue pressures constantly produce a relapse ten-
dency; and (3) changes produced by growth may alter the

orthodontic treatment result. If the teeth are not in an in-
herently unstable position, and if there is no further
growth, retention still is vitally important until gingival and
periodontal reorganization is completed. If the teeth are
unstable, as often is the case following significant arch ex-
pansion, gradual withdrawal of orthodontic appliances is of
no value. The only possibilities are accepting relapse or us-
ing permanent retention. Finally, whatever the situation,
retention cannot be abandoned until growth is essentially
completed.

Reorganization of the Periodontal
and Gingival Tissues
Widening of the periodontal ligament space and disruption
of the collagen fiber bundles that support each tooth are
normal responses to orthodontic treatment (see Chapter
9). In fact, these changes are necessary to allow orthodon-
tic tooth movement to occur. Even if tooth movement
stops before the orthodontic appliance is removed, restora-
tion of the normal periodontal architecture will not occur
as long as a tooth is strongly splinted to its neighbors, as
when it is attached to a rigid orthodontic archwire (so hold-
ing the teeth with passive archwires cannot be considered
the beginning of retention). Once the teeth can respond in-
dividually to the forces of mastication (i.e., once each tooth
can be displaced slightly relative to its neighbor as the pa-
tient chews), reorganization of the periodontal ligament
(PDL) occurs over a 3- to 4-month period, and the slight
mobility present at appliance removal disappears.

This PDL reorganization is important for stability be-
cause of the periodontal contribution to the equilibrium
that normally controls tooth position. To briefly review our
current understanding of the pressure equilibrium (see
Chapter 5 for a detailed discussion), the teeth normally
withstand occlusal forces because of the shock-absorbing
properties of the periodontal system. More importantly for
orthodontics, small but prolonged imbalances in tongue-
lip-cheek pressures or pressures from gingival fibers that
otherwise would produce tooth movement are resisted by
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"active stabilization" due to PDL metabolism. It appears
that this stabilization is caused by the same force-generat-
ing mechanism that produces eruption. The disruption of
the PDL produced by orthodontic tooth movement prob-
ably has little effect on the stabilization against occlusal
forces, but it reduces or eliminates the active stabilization,
which means that immediately after orthodontic appliances
are removed, teeth will be unstable in the face of occlusal
and soft tissue pressures that can be resisted later. This is
the reason that every patient needs retainers for at least a
few months.

The gingival fiber networks are also disturbed by or-
thodontic tooth movement and must remodel to accommo-
date the new tooth positions. Both collagenous and elastic
fibers occur in the gingiva, and the reorganization of both
occurs more slowly than that of the PDL itsel£ 3 Within 4 to
6 months, the collagenous fiber networks within the gingiva
have normally completed their reorganization, but the elas-
tic supracrestal fibers remodel extremely slowly and can still
exert forces capable of displacing a tooth at one year after re-
moval of an orthodontic appliance. In patients with severe
rotations, sectioning the supracrestal fibers around severely
malposed or rotated teeth, at or just before the time of ap-
pliance removal, is a recommended procedure because it re-
duces relapse tendencies resulting from this fiber elasticity4
(see Chapter 18 and Figure 21-1).

This timetable for soft tissue recovery from orthodon-
tic treatment outlines the principles of retention against
intra-arch instability. These are:

1. The direction of potential relapse can be identified
by comparing the position of the teeth at the con-

clusion of treatment with their original positions.
Teeth will tend to move back in the direction from
which they came, primarily because of elastic recoil
of gingival fibers but also because of unbalanced
tongue-lip forces (Figure 19-1).

2. Teeth require essentially full-time retention after
comprehensive orthodontic treatment for the first
3 to 4 months after a fixed orthodontic appliance
is removed. To promote reorganization of the
PDL, however, the teeth should be free to flex in-
dividually during mastication, as the alveolar bone
bends in response to heavy occlusal loads during
mastication (see Chapter 9). This requirement can
be met by a removable appliance worn full-time
except during meals or by a fixed retainer that is
not too rigid.

3. Because of the slow response of the gingival fibers,
retention should be continued for at least 12 months
if the teeth were quite irregular initially but can be
reduced to part-time after 3 to 4 months. After ap-
proximately 12 months, it should be possible to dis-
continue retention in non-growing patients. More
precisely, the teeth should be stable by that time if
they ever will be. Some patients who are not grow-
ing will require permanent retention to maintain the
teeth in what would otherwise be unstable positions
because of lip, cheek, and tongue pressures that are
too large for active stabilization to balance out. Pa-
tients who will continue to grow, however, usually
need retention until growth has reduced to the low
levels that characterize adult life.

FIGURE 19-1

	

The major causes of relapse after orthodontic treatment include the elasticity
of gingival fibers, cheek/lip/tongue pressures, and jaw growth. Gingival fibers and soft tissue pres-
sures are especially potent in the first few months after treatment ends, before PDL reorganiza-
tion has been completed.
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Occlusal Changes Related to Growth
A continuation of growth is particularly troublesome in

	

continues (Figure 19-2). Because transverse growth is
patients whose initial malocclusion resulted, largely or in

	

completed first, long-term transverse changes are less of a
part, from the pattern of skeletal growth. Skeletal prob-

	

problem clinically than changes from late anteroposterior
lems in all three planes of space tend to recur if growth

	

and vertical growth.

FIGURE 19-2

	

Relapse accompanying a mild Class III growth pattern: A, Dental occlusion at the com-
pletion of orthodontic treatment; B, profile appearance at the conclusion of active treatment; C, occlusal
relationships 3 years later; D, facial appearance 3 years later; E, cephalometric superimpositions showing
changes resulting from posttreatment growth (black, end of treatment; red, 3 years after treatment). Note
the mandibular growth, the uprighting of the lower incisors, and the compensatory forward movement of
the entire maxillary arch during post-treatment growth.
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The tendency for skeletal problems to recur after or-
thodontic correction results from the fact that most pa-
tients continue in their original growth pattern as long as
they are growing. Comprehensive orthodontic treatment is
usually carried out in the early permanent dentition, and
the duration is typically between 18 and 30 months. This
means that active orthodontic treatment is likely to con-
clude at age 14 to 15, while anteroposterior and particularly
vertical growth often do not subside even to the adult level
until several years later. Long-term studies of adults have
shown that very slow growth typically continues through-
out adult life, and the same pattern that led to malocclusion
in the first place can contribute to a deterioration in oc-
clusal relationships many years after orthodontic treatment
is completed. In late adolescence, continued growth in the
pattern that caused a Class II, Class 111, deep bite, or open
bite problem in the first place is a major cause of relapse af-
ter orthodontic treatment and requires careful manage-
ment during retention. 6

Retention after Class II Correction.

	

Relapse toward
a Class II relationship must result from some combination
of tooth movement (forward in the upper arch, backward in
the lower arch, or both) and differential growth of the max-
illa relative to the mandible (Figure 19-3). As might be ex-
pected, tooth movement caused by local periodontal and
gingival factors can be an important short-term problem,
whereas differential jaw growth is a more important long-
term problem both because it directly alters jaw position and
because it contributes to repositioning of teeth.

Overcorrection of the occlusal relationships as a fin-
ishing procedure is an important step in controlling tooth
movement that would lead to Class II relapse. Even with
good retention, 1 to 2 mm of anteroposterior change caused
by adjustments in tooth position is likely to occur after
treatment, particularly if Class II elastics were employed.
This change occurs relatively quickly after active treatment
stops.

In Class II treatment, it is important not to move the
lower incisors too far forward, but this can happen easily
with Class II elastics. In this situation, lip pressure will tend
to upright the protruding incisors, leading relatively quickly
(often in only a few months after full-time retainer wear is
discontinued) to crowding and return of both overbite and
overjet. As a general guideline, if more than 2 mm of for-
ward repositioning of the lower incisors occurred during
treatment, permanent retention will be required.

The slower long-term relapse that occurs in some pa-
tients who did not have inappropriate tooth movement re-
sults primarily from differential jaw growth. The amount
of growth remaining after orthodontic treatment will obvi-
ously depend on the age, sex, and relative maturity of the
patient, but after treatment that involved growth modifica-
tion, some posttreatment rebound is likely, with more
growth of the upper than the lower jaw.

This relapse tendency can be controlled in one of two
ways. The first, the traditional fixed appliance approach of

FIGURE 19-3

	

Cephalometric superimposition demonstrat-
ing growth-related relapse in a patient treated to correct Class Il
malocclusion. Black, immediate posttreatment, age 13; red, recall,
age 17. After treatment, both jaws grew downward and forward,
but mandibular growth did not match maxillary growth, and the
maxillary dentition moved forward relative to the maxilla.

the 1970s and earlier, is to continue headgear to the upper
molars on a reduced basis (at night, for instance) in con-
junction with a retainer to hold the teeth in alignment
(Figure 19-4). This is quite satisfactory in well-motivated
patients who have been wearing headgear during treatment
and is compatible with traditional retainers that are worn
full-time initially.

The other method is to use a functional appliance of
the activator-bionator type to hold both tooth position and
the occlusal relationship (Figure 19-5). If the patient does
not have excessive overjet, as should be the case at the end
of active treatment, the construction bite for the functional
appliance is taken without any mandibular advancement-
the idea is to prevent a Class II malocclusion from recur-
ring, not to actively treat one that already exists. A poten-
tial difficulty is that the functional appliance will be worn
only part-time, typically just at night, and daytime retain-
ers of conventional design also will be needed to control
tooth position during the first few months. The extra re-
tainer makes sense for a patient with a severe growth prob-
lem. For patients with less severe problems, in whom con-
tinued growth may or may not cause relapse, it may be
more rational to use only conventional maxillary and
mandibular retainers initially, and replace them with a
functional appliance to be worn at night if relapse is begin-
ning to occur after a few months.
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FIGURE 19-4

	

Retention after Class II correction: bands with headgear tubes remain on the
upper first molars so that headgear at night can be continued. This is compatible with a remov-
able maxillary retainer using circumferential clasps that fit under the headgear tubes. A, Lateral
view; B, occlusal view.

FIGURE 19-5

	

In patients in whom further growth in the original Class II pattern is expected
after active treatment is completed, a functional appliance can be used to maintain occlusal rela-
tionships. In a typical Class II deep bite patient, the lower posterior teeth are allowed to erupt
slightly, while other teeth are tightly controlled.

This type of retention is often needed for 12 to 24
months or more in a patient who had a severe skeletal prob-
lem initially. The guideline is: the more severe the initial
Class II problem and the younger the patient at the end of
active treatment, the more likely that either headgear or a
functional appliance will be needed as a retainer. It is bet-
ter to prevent relapse from differential growth than to try
to correct it later.

Retention after Class III Correction.

	

Retaining a
patient after correcting a Class III malocclusion early in the
permanent dentition can be frustrating, because relapse
from continuing mandibular growth is very likely to occur
and such growth is extremely difficult to control. Applying
a restraining force to the mandible, as from a chincap, is not
nearly as effective in controlling growth in a Class III pa-
tient as applying a restraining force to the maxilla is in Class
II problems. As we have noted in previous chapters, a chin-
cap tends to rotate the mandible downward, causing
growth to be expressed more vertically and less horizon-
tally, and Class III functional appliances have the same ef-
fect. If face height is normal or excessive after orthodontic
treatment and relapse occurs from mandibular growth, sur-

gical correction after the growth has expressed itself may be
the only answer. In mild Class III problems, a functional
appliance or a positioner may be enough to maintain the
occlusal relationships during posttreatment growth.

Retention after Deep Bite Correction.

	

Correcting
excess overbite is an almost routine part of orthodontic
treatment, and therefore the majority of patients require
control of the vertical overlap of incisors during retention.
This is accomplished most readily by using a removable
upper retainer made so that the lower incisors will en-
counter the baseplate of the retainer if they begin to slip
vertically behind the upper incisors (Figure 19-6). The
procedure, in other words, is to build a potential bite plate
into the retainer, which the lower incisors will contact if
the bite begins to deepen. The retainer does not separate
the posterior teeth.

Because vertical growth continues into the late teens, a
maxillary removable retainer with a bite plane often is
needed for several years after fixed appliance orthodontics
is completed. Bite depth can be maintained by wearing the
retainer only at night, after stability in other regards has
been achieved.
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FIGURE 19-6

	

This view of casts in occlusion, looking from
the lingual,. shows the biteplate effect of a maxillary retainer. The
lower incisors should be just contacting the lingual acrylic of the
upper retainer, to prevent deepening of the bite.

Retention after Anterior Open Bite Correction.
Relapse into anterior open bite can occur by any combina-
tion of depression of the incisors and elongation of the mo
lars. Active habits (of which thumbsucking is the best exam-
ple) can produce intrusive forces on the incisors, while at the
same time leading to an altered posture of the jaw that al-
lows posterior teeth to erupt. If thumbsucking continues af-
ter orthodontic treatment, relapse is all but guaranteed.
Tongue habits, particularly tongue-thrust swallowing, are
often blamed for relapse into open bite, but the evidence to
support this contention is not convincing (see discussion in
Chapter 5). In patients who do not place some object be-
tween the front teeth, return of open bite is almost always
the result of elongation of the posterior teeth, particularly
the upper molars, without any evidence of intrusion of in-
cisors (Figure 19-7). Controlling eruption of the upper mo-
lars therefore is the key to retention in open bite patients.

FIGURE 19-7

	

A and B, Relapse after comprehensive orthodontic treatment with premolar extraction.
Four years after removal of the orthodontic appliances, this 19-year-old has an anterior open bite, 5 mm of
overjet with an end-on molar relationship, and severe crowding of the mandibular incisors. Relapse of this
type is associated with a downward and backward rotation of the mandible, which is accompanied by ex-
cessive eruption of the maxillary posterior teeth. C, Cephalometric superimposition showing the pattern
of growth associated with this relapse. Note that the increase in both open bite and overjet is related to the
downward and backward mandibular rotation, while the incisor crowding is associated with uprighting and
lingual repositioning of the incisors as the mandibular rotation thrusts them into the lower lip.
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High-pull headgear to the upper molars, in conjunc-
tion with a standard removable retainer to maintain tooth
position, is one effective way to control open bite relapse
(Figure 19-8, A). A better tolerated alternative is an appli-
ance with bite blocks between the posterior teeth (an open
bite activator or bionator), which stretches the patient's soft
tissues to provide a force opposing eruption (Figure 19-8,
B). Excessive vertical growth and eruption of the posterior
teeth often continue until late in the teens or early twenties,
making a persistent open bite tendency difficult to control,
but this can be accomplished with good patient coopera-
tion over a long enough period.

A patient with a severe open bite problem is particu-
larly likely to benefit from having conventional maxillary
and mandibular retainers for daytime wear, and an open
bite bionator as a nighttime retainer, from the beginning of
the retention period.

Retention of Lower Incisor Alignment.

	

Not only
can continued skeletal growth affect occlusal relationships,
it has the potential to alter the position of teeth. If the
mandible grows forward or rotates downward, the effect is
to carry the lower incisors into the lip, which creates a force
tipping them distally. For this reason, continued mandi-
bular growth in normal or Class III patients is strongly
associated with crowding of the lower incisors (see Figure
19-1). Incisor crowding also accompanies the downward
and backward rotation of the mandible seen in skeletal

open bite problems (see Figure 19-7). A retainer in the
lower incisor region is needed to prevent crowding from
developing, until growth has declined to adult levels.

It often has been suggested that orthodontic retention
should be continued, at least on a part-time basis, until the
third molars have either erupted into normal occlusion or
have been removed. The implication of this guideline, that
pressure from the developing third molars causes late in-
cisor crowding, is almost surely incorrect (see Chapter 5).
On the other hand, because the eruption of third molars or
their extraction usually does not take place until the late
teen years, the guideline is not a bad one in its emphasis on
prolonged retention in patients who are continuing to grow.

Most adults, including those who had orthodontic treat-
ment and once had perfectly aligned teeth, end up with some
crowding of lower incisors. In a group of patients who had
first premolar extraction and treatment with the edgewise
appliance, only about 30% had perfect alignment 10 years
after retainers were removed and nearly 20% had marked
crowding. Which individuals would have post-treatment
crowding could not be predicted from the characteristics of
the original malocclusion or variables associated with treat-
ment. It seems likely that late mandibular growth is the ma-
jor contributor to this crowding tendency. It makes sense,
therefore, to routinely retain lower incisor alignment until
mandibular growth has declined to adult levels (i.e., until the
late teens in girls and into the early 20s in boys).

FIGURE 19-8

	

Controlling the eruption of upper molars during late vertical
growth is the key to preventing open-bite relapse. There are two major approaches to
accomplishing this: A, high-pull headgear, as worn every night by this 16-year-old
patient with a long face pattern of growth, to prevent the recurrence of open bite and
overjet, and B, a functional appliance with bite blocks to impede eruption, continued
as a nighttime retainer through the late teens. Although the high-pull headgear can be
quite effective in a cooperative patient, the functional appliance is a better choice for
most patients, simply because it is easier for the patient to comply.
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Timing of Retention: Summary. In summary, re-
tention is needed for all patients who had fixed ortho-
dontic appliances to correct intra-arch irregularities. It
should be:

• Essentially full-time for the first 3 to 4 months, ex-
cept that the retainers not only can but should be
removed while eating (unless periodontal bone loss
or other special circumstances require permanent
splinting)

• Continued on a part-time basis for at least 12 months,
to allow time for remodeling of gingival tissues

• If significant growth remains, continued part-time
until completion of growth.

For practical purposes, this means that nearly all pa-
tients treated in the early permanent dentition will require
retention of incisor alignment until the late teens, and in
those with skeletal disproportions initially, part-time use
of a functional appliance or extraoral force probably will
be needed.

REMOVABLE APPLIANCES AS RETAINERS

Removable appliances can serve effectively for retention
against intra-arch instability and are also useful as retainers
(in the form of modified functional appliances or part-time
headgear) in patients with growth problems. If permanent
retention is needed, a fixed retainer should be used in most
instances, and fixed retainers (see p. 607) are also indicated
for intra-arch retention when irregularity in a specific area
is likely to be a problem.

Hawley Retainers
By far the most common removable retainer is the Hawley
retainer, designed in the 1920s as an active removable ap-
pliance. It incorporates clasps on molar teeth and a charac-
teristic outer bow with adjustment loops, spanning from
canine to canine (Figure 19-9, A). Because it covers the
palate, it automatically provides a potential bite plane to
control overbite.

FIGURE 19-9

	

A, A standard maxillary Hawley retainer. Note the canine-to-canine anterior bow, with
clasps on the first molars. The anterior bow is the characteristic feature of this retainer design. B, Modifi-
cation of maxillary and mandibular retainers, replacing the Hawley bow with a light elastic across the in-
cisor teeth. This appliance is more esthetic than the standard design but does not give as good control of
tooth positions. It is particularly useful when band space must be closed with the retainer, and therefore is
rarely used when bonded brackets were employed. C, Hawley retainer for premolar extraction patient,
with the outer bow soldered to the bridge portion of Adams clasps on the first molars. This design allows
the anterior bow to keep the extraction space closed and is usually preferred for extraction cases.
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The ability of this retainer to provide some tooth
movement was a particular asset with fully banded fixed ap-
pliances, since one function of the retainer was to close
band spaces between the incisors, and it was sometimes
modified to use elastics for this purpose (see Figure 19-9,
B). With bonded appliances on the anterior teeth or after
using a tooth positioner for finishing, there is no longer any
need to close spaces with a retainer. However, the outer
bow provides excellent control of the incisors even if it is
not adjusted to retract them.

When first premolars have been extracted, one func-
tion of a retainer is to keep the extraction space closed,
which the standard design of the Hawley retainer cannot
do. Even worse, the standard Hawley labial bow extends
across a first premolar extraction space, tending to wedge
it open. A common modification of the Hawley retainer
for use in extraction cases is a bow soldered to the buccal
section of Adams clasps on the first molars, so that the ac-
tion of the bow helps hold the extraction site closed (see
Figure 19-9, C. Alternative designs for extraction cases
are to wrap the labial bow around the entire arch, using
circumferential clasps on second molars for retention
(Figure 19-10); or to bring the labial wire from the base-
plate between the lateral incisor and canine and to bend
or solder a wire extension distally to control the canines
(Figure 19-11). The latter alternative does not provide an
active force to keep an extraction space closed, but avoids
having the wire cross through the extraction site, and
gives positive control of canines that were labially posi-

tioned initially (which the loop of the traditional Hawley
design may not provide).

The clasp locations for a Hawley retainer must be se-
lected carefully, since clasp wires crossing the occlusal table
can disrupt rather than retain the tooth relationships estab
lished during treatment. Circumferential clasps on the ter-
minal molar or lingual extension clasps (see Chapter 11)
may be preferred over the more effective Adams clasp if the
occlusion is tight (see Figure 19-10).

The palatal coverage of a removable plate like the max-
illary Hawley retainer makes it possible to incorporate a
bite plane lingual to the upper incisors, to control bite
depth. For any patient who once had an excessive overbite,
light contact of the lower incisors against the baseplate of
the retainer is desired.

A Hawley retainer can be made for the upper or lower
arch. The lower retainer with the classic Hawley bow is
somewhat fragile and may be difficult to insert because of
undercuts in the premolar and molar region. If the major
reason for lower retention is maintenance of incisor posi-
tion, a retainer for that region only is a logical alternative,
and a wraparound design is preferred.

Removable Wraparound Retainers
A second major type of removable orthodontic retainer is
the wraparound or clip-on retainer, which consists of a
plastic bar (usually wire-reinforced) along the labial and
lingual surfaces of the teeth (Figure 19-12). A full-arch
wraparound retainer firmly holds each tooth in position.

FIGURE 19-10

	

A wraparound outer bow is particularly useful when one of the goals of reten-
tion is to keep extraction spaces closed. A and B, The bow usually is attached to circumferential
clasps on the second molars, but, C, also can be soldered to Adams clasps on first molars (note the
temporary prosthetic tooth on the retainer in the canine area).
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FIGURE 19-11

	

A and B, An alternative design for the anterior bow of the retainer, using
a distal extension from a short anterior bow to control the maxillary canines. This design is
particularly useful when canines were labially positioned initially.

FIGURE 19-12

	

A, A wraparound retainer for the lower arch, out of the mouth, showing
the wire reinforcement of the plastic material; B, a modified wraparound retainer now often
is used in the lower arch, with the wraparound section only used for the anterior segment
of the arch.

This is not necessarily an advantage, since one object
of a retainer should be to allow each tooth to move in-
dividually, stimulating reorganization of the PDL. In
addition, a wraparound retainer, though quite esthetic,
is often less comfortable than a Hawley retainer and
may not be effective in maintaining overbite correction.
A full-arch wraparound retainer is indicated primarily
when periodontal breakdown requires splinting the teeth
together.

A variant of the wraparound retainer, the canine-to-
canine clip-on retainer, is widely used in the lower ante-
rior region. This appliance has the great advantage that it
can be used to realign irregular incisors, if mild crowding
has developed after treatment (see Active Retainers, on
p. 610), but it is well tolerated as a retainer alone. An up-
per canine-to-canine wraparound occasionally is useful in
adults with long clinical crowns but rarely is indicated and
usually would not be tolerated in younger patients be-
cause of occlusal interferences.

In a lower extraction case, usually it is a good idea to
extend a canine-to-canine wraparound distally on the lin-
gual only to the central groove of the first molar (see Fig-

ure 19-12, B). This provides control of the second pre-
molar and the extraction site, but the retainer must be
made carefully to avoid lingual undercuts in the premolar
and molar region. Posterior extension of the lower re-
tainer, of course, also is indicated when the posterior teeth
were irregular before treatment.

Positioners as Retainers. A tooth positioner also
can be used as a removable retainer, either fabricated for
this purpose alone, or more commonly, continued as a re
tainer after serving initially as a finishing device. Posi-
tioners are excellent finishing devices and under special
circumstances can be used to an advantage as retainers.
For routine use, however, a positioner does not make a
good retainer. The major problems are:

1. The pattern of wear of a positioner does not match
the pattern usually desired for retainers. Because
of its bulk, patients often have difficulty wearing a
positioner full-time or nearly so. In fact, position-
ers tend to be worn less than the recommended 4
hours per day after the first few weeks, although
they are reasonably well tolerated by most patients
during sleep.
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FIGURE 19-13 Separation of the posterior teeth after 3
weeks of intensive positioner wear. This unusual complication re-
sults from an incorrect hinge axis in constructing the positioner.
A patient wearing a positioner long-term should be observed for
problems of this type.

2. Positioners do not retain incisor irregularities and
rotations as well as standard retainers. This prob-
lem follows directly from the first one: a retainer is
needed nearly full-time initially to control intra-
arch alignment. Also, overbite tends to increase
while a positioner is being worn, and this effect as
well probably relates in large part to the fact that it
is worn only a small percentage of the time.

A positioner does have one major advantage over a
standard removable or wraparound retainer, however-it
maintains the occlusal relationships as well as intra-arch
tooth positions. For a patient with a tendency toward Class
III relapse, a positioner made with the jaws rotated some-
what downward and backward may be useful. Although a
positioner with the teeth set in a slightly exaggerated "su-
pernormal" from the original malocclusion can be used for
patients with a skeletal Class II or open bite growth pattern,
it is less effective in controlling growth than part-time
headgear or a functional appliance.

In fabricating a positioner, it is necessary to separate
the teeth by 2 to 4 mm. This means that an articulator
mounting that records the patient's hinge axis is desirable.
As a general guideline, the more the patient deviates from
the average normal, and the longer the positioner will be
worn, the more important it is to obtain an individualized
hinge axis mounting on an adjustable articulator for posi-
tioner construction. If a positioner is to be used for only 2
to 4 weeks as a finishing device in a patient who will have
some vertical growth during later retention, and if the pa-
tient has an approximately normal hinge axis, an individu-
alized articulator mounting may be unnecessary. If a posi-
tioner is to be worn for many months as a retainer or if no
growth can be anticipated, a precisely correct hinge axis be-
comes more important.

The usual sign of a positioner made to an incorrect
hinge axis is some separation of the posterior teeth when
the incisors are in contact (Figure 19-13). Patients wearing
a positioner as a retainer should be checked carefully to see
that this effect is not occurring.

FIXED RETAINERS

Fixed orthodontic retainers are normally used in situations
where intra-arch instability is anticipated and prolonged
retention is planned. There are four major indications:
l. Maintenance of lower incisor position during late
growth. As has been discussed previously, the major cause
of lower incisor crowding in the late teen years, in both pa-
tients who have had orthodontic treatment and those who
have not, is late growth of the mandible in the normal
growth pattern. Especially if the lower incisors have previ-
ously been irregular, even a small amount of differential
mandibular growth between ages 16 and 20 can cause re-
crowding of these teeth. Relapse into crowding is almost al-
ways accompanied by lingual tipping of the central and lat-
eral incisors in response to the pattern of growth. An
excellent retainer to hold these teeth in alignment is a fixed
lingual bar, attached only to the canines (or to canines and
first premolars) and resting against the flat lingual surface
of the lower incisors above the cingulum (Figure 19-14).
This prevents the incisors from moving lingually and is also
reasonably effective in maintaining correction of rotations
in the incisor segment.

A fixed lingual canine-to-canine retainer can be fabri-
cated with bands on the canines or can be bonded to the
lingual surface. A bonded canine-to-canine retainer is pre
ferred for two reasons: (1) unless bands were used during
the active treatment, band space can be a problem; and
(2) the labial part of a band tends to trap plaque against the
cervical part of the labial surface, predisposing this area to
decalcification, and is also unsightly.

The fabrication of a bonded canine-to-canine retainer
is shown in Figure 19-14. It is attached only to the canines,
resting passively against the central and lateral incisors. If
the retainer wire is fitted to a cast of the lower arch, a sili-
cone carrier of the type used for indirect bonding of brack-
ets can be made to assist in placing the retainer. An alter-
native approach is to tie the retainer wire in place with wire
ligatures or dental floss around the contacts, to hold it so
that it can be bonded.

Fixed canine-to-canine retainers must be made from
a wire heavy enough to resist distortion over the rather
long span between these teeth. Usually 30 mil steel is used
for this purpose (Figure 19-15), with the end of the wire
sandblasted to improve retention when it is bonded to the
canines. 8

It is also possible to bond a fixed lingual retainer to one
or more of the incisor teeth. The major indication for this
variation is a tooth that had been severely rotated. What
ever the type of retainer, however, it is desirable that teeth
not be held rigidly during retention. For this reason, if the
span of the retainer wire is reduced by bonding an inter-
mediate tooth or teeth, a more flexible wire should be used.
A good choice for a fixed retainer with adjacent teeth
bonded is a braided steel archwire of 17.5 mil diameter
(Figure 19-16).



608

	

SECTION VII

	

Comprehensive Orthodontic Treatment In The Early Permanent Dentition

FIGURE 19-14

	

Steps in the fabrication of a canine-to-canine retainer; A, 30 mil steel wire
is bent so that it rests against the flat part of the lingual surface of the incisors, with a loop over
the cingulum of the canines; B, the wire is held in place with candy adhesive; C, a silicone
carrier material is mixed, placed over the incisors, and trimmed; D, wire in place in the carrier,
ready to be carried to the mouth for binding. The loop at the ends of the wire now often is
replaced with a sandblasted end section (see Figure 19-15, B).

FIGURE 19-15

	

A, A bonded canine-to-canine retainer made from a twist wire, which

improves retention of the bonding material. 28 mil wire is recommended if only the canines
are to be bonded. If the incisors are bonded, a lighter wire should be used. Heavy twist wire
no longer is recommended for canine-to-canine retainers because it has proved not rigid
enough. B, The preferred canine-to-canine bonded retainer now is made from 30 mil steel
wire with sandblasted ends. Roughening the ends of the wire in this way provides excellent

retention for the bonding material, without the bulk of wire loops.

2. Diastema maintenance. A second indication for a

fixed retainer is a situation where teeth must be perma-

nently or semipermanently bonded together to maintain

the closure of a space between them. This is encountered

most commonly when a diastema between maxillary cen-

tral incisors has been closed. Even if a frenectomy has

been carried out (see Chapters 7 and 17), there is a ten-

dency for a small space to open up between the upper cen-
tral incisors. Since this is unsightly, prolonged or perma-

nent retention usually is needed.
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FIGURE 19-16

	

A fixed lingual retainer bonded to several anterior teeth. If multiple teeth
are bonded, a lighter wire, such as the 17.5 mil (3 X 8) twist wire shown here, should be used
to prevent splinting the teeth too rigidly. A, Mandibular incisor retainer, with the wire lightly
bonded to the canines, before the incisors are bonded; B, completed maxillary retainer, with
all four incisors bonded.

The best retainer for this purpose is a bonded section
of flexible wire, as shown in Figure 19-17. The wire should
be contoured so that it lies near the cingulum to keep it out
of occlusal contact. The object of the retainer is to hold the
teeth together while allowing them some ability to move
independently during function, hence the importance of a
flexible wire.

A removable retainer is not a good choice for pro-
longed retention of a central diastema. In troublesome
cases, the diastema is closed when the retainer is removed
but opens up quickly. The tooth movement that accompa-
nies this back-and-forth closure is potentially damaging
over a long period.
3. Maintenance of pontic or implant space. A fixed re-
tainer is also the best choice to maintain a space where a
bridge pontic or implant eventually will be placed. Using a
fixed retainer for a few months reduces mobility of the
teeth and often makes it easier to place the fixed bridge that
will serve, among other functions, as a permanent ortho-
dontic retainer. If further periodontal therapy is needed af-
ter the teeth have been positioned, several months or even
years can pass before a bridge is placed, and a fixed retainer
is definitely required. Implants should be placed as soon as
possible after the orthodontics is completed, so that inte-
gration of the implant can occur simultaneously with the
initial stages of retention.

The preferred orthodontic retainer for maintaining
space for posterior restorations is a heavy intra-coronal
wire, bonded in shallow preparations in the future abut
ment teeth (Figure 19-18). Obviously, the longer the span,
the heavier the wire should be. Bringing the wire down out
of occlusion decreases the chance that it will be displaced
by occlusal forces.

Anterior spaces need a replacement tooth, which can
be attached to a removable retainer. This approach guar-
antees nearly full-time wear and is satisfactory for short
periods. Often a better alternative is a fixed retainer in the
form of a simple acid-etch bridge, such as a replacement

FIGURE 19-17

	

Bonded lingual retainer for maintenance of a
maxillary central diastema. A, 17.5 mil twist wire contoured to fit
passively on the dental case; B, a wire ligature is passed around the
necks of the teeth to hold them tightly together while they are
bonded. The wire retainer is held in place with dental floss passed
around the contact, and composite resin is flowed onto to the cin-
gulum of the teeth, over the wire ends. C, The finished retainer.
Note that the retainer is up on the cingulum, to avoid occlusal in-
terference with the lower incisors.
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FIGURE 19-18

	

Fixed retainer to maintain space for a missing
second premolar. A shallow preparation has been made in the
enamel of the marginal ridges adjacent to the extraction site, and
a section of 21 x 25 wire is bonded as a retainer.

FIGURE 19-20

	

In the adult with missing maxillary lateral in-
cisors in whom the space was closed and the canines substituted
for the laterals, a bonded retainer maintains the space closure.
Note the use of 17.5 mil multistrand steel wire bonded to each
tooth. A removable retainer worn part-time is less acceptable to
the patient and less successful in keeping the space closed than this
type of fixed retainer.

FIGURE 19-19

	

Bonded bridge using segments of braided
orthodontic wire to attach the pontic to the abutment tooth.
A, Frontal view; B, occlusal view in mirror showing the bonded
attachment. This type of inexpensive fixed retainer is preferred
over a removable retainer with a replacement tooth.

erated than a full-time removable retainer, and spaces re-
open unless a retainer is worn consistently. It may be bet-
ter in adults to bond a fixed retainer on the facial surface of
posterior teeth when spaces have been closed.

The major objection to any fixed retainer is that it
makes interproximal hygiene procedures more difficult. It
is possible to floss between teeth that have a fixed retainer
in place by using a floss-threading device. With proper
flossing, there is no reason that fixed retainers, if needed,
cannot be left in place indefinitely.

ACTIVE RETAINERS

"Active retainer" is a contradiction in terms, since a device
cannot be actively moving teeth and serving as a retainer
at the same time. It does happen, however, that relapse or
growth changes after orthodontic treatment will lead to a
need for some tooth movement during retention. This
usually is accomplished with a removable appliance that
continues as a retainer after it has repositioned the teeth,
hence the name. A typical Hawley retainer, if used initially
to close a small amount of band space, can be considered
an active retainer, but the term usually is reserved for two
specific situations: realignment of irregular incisors, and
functional appliances to manage Class II or Class III re-
lapse tendencies.

tooth held by twist wires bonded to adjacent teeth (Figure
19-19). If a healing implant is in the area, or if a perma-
nent bridge will be delayed for a long time, a temporary
bonded bridge decreases the chance of soft tissue inflam-
mation and provides better stability.
4. Keeping extraction spaces closed in adults (Figure
19-20). A fixed retainer is both more reliable and better tol-

Realignment of Irregular Incisors:
Spring Retainers
Recrowding of lower incisors is the major indication for
an active retainer to correct incisor position. If late
crowding has developed, it often is necessary to reduce
the interproximal width of lower incisors before realign-
ing them, so that the crowns do not tip labially into an ob-
viously unstable position. The cause of the problem in
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FIGURE 19-21

	

Stripping of lower incisors to reduce mesiodistal width. A, Incisor irreg-
ularity before realignment; B, interproximal enamel being removed with a relatively coarse
steel-backed abrasive strip mounted in a modified electric tooth brush; C, enamel surface
being polished with a sequence of plastic-backed strips with finer abrasives. Topical fluoride
should be applied immediately after stripping procedures.

these cases usually is late mandibular growth, which has
uprighted the incisors, and they must be realigned in their
more upright position. Not only does stripping of con-
tacts reduce the mesiodistal width of the incisors, de-
creasing the amount of space required for their align-
ment, it also flattens the contact areas, increasing the
inherent stability of the arch in this region. As with any
procedure involving the modification of teeth, however,
stripping must be done cautiously and judiciously. It is not
indicated as a routine procedure.9

Interproximal enamel can be removed with either
abrasive strips (Figure 19-21) or thin discs in a handpiece.
Obviously, enamel reduction should not be overdone, but
if necessary, the width of each lower incisor can be reduced
up to 0.5 mm on each side without going through the in-
terproximal enamel. If an additional 2 mm of space can be
gained, reducing each incisor 0.2 5 mm per side, it is usually
possible to realign typically crowded incisors.

If the irregularity is modest and if the teeth are to be
realigned without moving facially, a canine-to-canine clip-
on is usually the active retainer used to realign crowded in
cisors. The steps in making such an active retainer are:
(1) reduce the interproximal width of the incisors and ap-
ply topical fluoride to the newly exposed enamel surfaces;
(2) prepare a laboratory model, on which the teeth can be
reset into alignment; and (3) fabricate a canine-to-canine
clip-on appliance (Figure 19-22).

If there is more than a modest degree of relapse, how-
ever, placing a fixed appliance for comprehensive retreat-
ment must be considered. With bonded brackets on the
lower arch from premolar to premolar, superelastic NiTi
wires can be used to bring the incisors back into align-
ment quite efficiently (Figure 19-23). If the incisors are
advanced toward the lip when this is done, a bonded lin-
gual retainer should be placed before the brackets are re-
moved. Permanent retention obviously will be required
after the realignment.

Correction of Occlusal Discrepancies:
Modified Functional Appliances
as Active Retainers
It is possible to describe an activator as consisting of max-
illary and mandibular retainers joined by an interocclusal
bite block. Although even the simplest activator is more
complex than that (see Chapter 15), the description does il-
lustrate the potential of an activator to simultaneously
maintain the position of teeth within the arches while al-
tering, at least minimally, the occlusal relationships.

A typical use for an activator as an active retainer would
be a male adolescent who had slipped back 2 to 3 mm to-
ward a Class II relationship after early correction. If he still
is experiencing some vertical growth (and almost all ado-
lescents fall into this category, even at age 17 or 18), it may
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FIGURE 19-22

	

Steps in the fabrication of a canine-to-canine clip-on appliance to realign lower incisors.
A, After the teeth have been stripped appropriately, an impression is made for a laboratory cast. A saw-cut is
made beneath the teeth through the alveolar process to the distal of the lateral incisors; B, the saw blade is
then passed from front to back beneath the incisors; C, cuts are made up to but not through the contact
points; D, the incisor teeth are broken off the cast and broken apart at the contact points, creating individ-
ual dies, and the cast is trimmed to provide space for resetting the teeth; E, the teeth are reset in wax in proper
alignment; F, 28 mil steel wire is contoured around the labial and lingual surface of the teeth as shown, with

the wire overlapping behind the central incisors.

	

continued
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FIGURE 19-22, Cont'd

	

G, A covering of acrylic is added over the wire, completing the retainer;
H, occlusal view of completed retainer; l, facial view, showing the upper and lower retainers for this patient
who had premolar extraction for correction of crowded and irregular incisors.

FIGURE 19-23

	

For this patient, who was concerned about crowding of lower incisors several years
after orthodontic treatment, excessive stripping of interproximal enamel would have been required to gain
realignment with a clip-on removable appliance. A partial fixed appliance with bonded brackets only on
the segment to be realigned is the most practical approach. A, Bonded appliance in from first premolar
to first premolar, with a coil spring on 16 steel wire to open space for the rotated and crowded right
central incisor; B and C, Alignment of the incisors on rectangular NiTi wire after space is opened;
D, Re-alignment completed 4 months after treatment began. At this point either a bonded lingual retainer
or a new removable retainer, to be worn indefinitely, is required.
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be possible to recover the proper occlusal position of the
teeth. Differential anteroposterior growth is not necessary
to correct a small occlusal discrepancy-tooth movement is
adequate-but some vertical growth is required to prevent
downward and backward rotation of the mandible. For all
practical purposes, this means that a functional appliance as
an active retainer can be used in teenagers but is of no value
in adults. Stimulating skeletal growth with a device of this
type simply does not happen in adults, at least to a clinically
useful extent.

The use of an activator as an active retainer differs
somewhat from its use to guide skeletal growth during the
mixed dentition or when it is used as a pure retainer. In the
latter circumstances, the object is to control growth, and
tooth movement is largely an undesirable side effect. In
contrast, an activator as an active retainer is expected pri-
marily to move teeth-no significant skeletal change is ex-
pected. An activator as an active retainer is not indicated if
more than 3 mm of occlusal correction is sought, and over
this distance, tooth movement as a means of correction is a
possibility. The correction is achieved by restraining the
eruption of maxillary teeth posteriorly and directing the
erupting mandibular teeth anteriorly.

Any of the family of modified activators designed to
produce tooth movement is most useful in this active-
retention mode, not in early mixed dentition treatment
where tooth movement for the most part is undesirable. On
the other hand, the more flexible a removable appliance be-
comes, the less suited it is for the retention part of active re-
tention and the more likely it would be to require replace-
ment with another type of retainer when the occlusal
relationship had been reestablished. An activator or biona-
tor with an acrylic framework that contacts most teeth
therefore is usually the best compromise when this type of
active retention is needed. The appliance is made like any

other functional appliance, with a slight advancement of
the mandible into the correct occlusal relationship. In con-
trast to a functional appliance that would be placed as a re-
tainer immediately upon completion of active treatment,
some freedom of eruption for posterior teeth normally
would be provided.
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SECTION

TREATMENT FOR ADULTS

dults who seek orthodontic treatment fall into two quite different groups: (1) younger
adults (typically under 35, often in their 20s) who desired but did not receive orthodon-

tic treatment as youths, and now seek it as they become financially independent; and (2) an
older group, typically in their 40s or 50s, who have other dental problems and need ortho-
dontics as part of a larger treatment plan. For the first group, the goal is to improve their qual-
ity of life. They usually seek comprehensive treatment and the maximum improvement that
is possible. They may or may not need coordinated treatment with other dental specialists.
The second group seek to maintain what they have, not necessarily to achieve as ideal a result
as possible. For them, orthodontic treatment is needed to meet specific goals that would make
control of dental disease and restoration of missing teeth easier and more effective, so the
orthodontics is an adjunctive procedure to the larger periodontal and restorative goals. Until
recently, the younger group have comprised most adult orthodontic patients. Because of the
large number of aging "baby boomers" born during the immediate post-World War II era,
one can confidently predict that there will be increasing demand for orthodontics from the
second group in the early part of the new century.

Adjunctive orthodontic treatment, particularly the simpler procedures, often can and
should be carried out within the context of general dental practice, and Chapter 20 is writ-
ten with that in mind. The discussion in this chapter does not require familiarity with the
principles of comprehensive orthodontic treatment, but it does presume an understanding
of orthodontic diagnosis and treatment planning. In contrast, the discussion of comprehen-
sive treatment for adults in Chapter 21 builds on the principles discussed in Chapters 16 to
19 and focuses on the aspects of comprehensive treatment for adults that are different from
treatment for younger patients. Comprehensive orthodontics for adults tends to be difficult
and technically demanding. The absence of growth means that growth modification to treat
jaw discrepancies is not possible. The only possibilities are tooth movement for camouflage
or orthognathic surgery. Chapter 22, dealing with orthognathic surgery, emphasizes the in-
dications for this type of treatment and the principles that guide the treatment of patients
with these complex problems.
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Adjunctive Treatmentfor Adults

The goals of adjunctive treatment

Principles of adjunctive treatment

Diagnostic and treatment planning considerations

Biomechanical considerations

Timing and sequence of treatment

Adjunctive treatment procedures

Uprighting posterior teeth

Forced eruption

Alignment of anterior teeth

Crossbite correction

THE GOALS OF ADJUNCTIVE TREATMENT

Adjunctive orthodontic treatment is, by definition, tooth
movement carried out to facilitate other dental procedures
necessary to control disease and restore function. Al-
though malocclusion as classically described is not neces-
sarily an unhealthy condition, some tooth positions are not
conducive to long-term oral health. This can be under-
stood best by reference to Amsterdam's concepts of physi-
ologic vs. pathologic occlusion.' A physiologic occlusion,
although not necessarily an ideal or Class I occlusion, is
one that adapts to the stress of function and can be main-
tained indefinitely, whereas a pathologic occlusion cannot
function without contributing to its own destruction. If
any of the signs of pathologic occlusion exist, or if restora-
tions needed for other problems would prevent adequate
plaque clearance or overstress the support apparatus (e.g.,
overcontoured anterior crowns to close an unattractive
space or a posterior bridge on poorly positioned abut-
ments), then tooth movement should become a part of the
overall treatment plan.

Typically, adjunctive orthodontic treatment will in-
volve any or all of several procedures: (1) repositioning

teeth that have drifted after extractions or bone loss so that
more ideal fixed or removable partial dentures can be fab-
ricated, or so that implants can be placed; (2) forced erup-
tion of badly broken down teeth to expose sound root
structure on which to place crowns; (3) alignment of ante-
rior teeth to allow more esthetic restorations or successful
splinting, while maintaining good interproximal bone con-
tour and embrasure form; and (4) correction of crossbites if
these compromise jaw function (not all do).

Whatever the occlusal status originally, the goals of ad-
junctive treatment should be to:

• Facilitate restorative treatment by positioning the
teeth so that more ideal and conservative techniques
(including implants) can be used

• Improve periodontal health by eliminating plaque-
harboring areas and improving the alveolar ridge
contour adjacent to the teeth

• Establish favorable crown-to-root ratios and posi-
tion the teeth so that occlusal forces are transmitted
along the long axes of the teeth

Adjunctive treatment implies limited orthodontic goals,
improving a particular aspect of the occlusion rather than
comprehensively altering it. Typically, appliances are re
quired in only a portion of the dental arch and for only a
short time. Orthodontic treatment for temporomandibular
dysfunction should not be considered adjunctive treat-
ment. Admittedly, the boundary between adjunctive and
comprehensive treatment is somewhat indistinct. We con-
sider treatment that requires a complete fixed appliance or
that is complex enough to require more than 6 months for
completion to be comprehensive, and such treatment is dis-
cussed in the next chapter. Treatment with a partial fixed
appliance that can be completed in less than 6 months typ-
ically is adjunctive. With the distinction made in this way,
most of the adjunctive treatment discussed in this chapter
can be carried out within the context of general dental
practice. Whether one or several practitioners are involved,
adjunctive orthodontics must be coordinated carefully with
the periodontal and restorative treatment.
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PRINCIPLES OF ADJUNCTIVE TREATMENT

Diagnostic and Treatment Planning
Considerations
Planning for adjunctive treatment requires two steps:
(1) collecting an adequate data base and (2) developing a
comprehensive but clearly stated list of the patient's prob-
lems, taking care not to focus unduly on any one aspect of
a complex situation. The importance of this planning stage
in adjunctive orthodontic treatment cannot be overempha-
sized, since the solution to the specific problems may in-
volve the synthesis of many branches of dentistry.

The steps outlined in Chapter 6 should be followed
when developing the problem list. The interview and clini-
cal examination are the saine, whatever the type of ortho
dontic treatment. Diagnostic records for adjunctive ortho-
dontic patients, however, differ in several important ways
from those for children. For this adult and dentally compro-
mised population, the records usually should include indi-
vidual intra-oral radiographs to supplement the panoramic
film that often suffices for younger and healthier patients

(Figure 20-1). The panoramic radiograph usually does not
give sufficient detail. The guidelines promulgated by the
U.S. Public Health Service in 1988 (see Chapter 6) should
be followed in determining exactly what radiographs are re-
quired in evaluating the patient's oral health status. For ad-
junctive orthodontics, pre-treatment cephalometric radi-
ographs usually are not required, but it is important to
anticipate the impact of various tooth movements on facial
esthetics. In some instances, the computer prediction meth-
ods used in comprehensive treatment (see Chapter 7) can be
quite useful in planning adjunctive treatment.

As for any orthodontic treatment, patients who need
adjunctive orthodontics should have dental casts made from
i mpressions that have been fully extended so that not only
the crown positions and inclination of the teeth but also the
contour of the supporting alveolar bone can be seen clearly.
Articulator-mounted cases are more likely to be required
if extensive restorative procedures are contemplated or if
there are other reasons to suspect pathologic occlusion.

Once all the problems have been identified and cate-
gorized, the key treatment planning question is: Can the
occlusion be restored within the existing tooth positions, or

FIGURE 20-1

	

For the periodontically compromised adults who are the usual candi-
dates for adjunctive orthodontics, periapical radiographs of the areas that will be treated,
as well as a panoramic radiograph, usually are needed. Periodontal disease now is the ma-
jor indication for periapical radiographs. For this patient who is a candidate for adjunctive
orthodontic treatment, adequate detail of root morphology, dental disease and periodon-
tal breakdown is obtained only from carefully taken periapical radiographs.
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must some teeth be moved to achieve a satisfactory, stable,
healthy, and esthetic result? The goal of adjunctive treat-
ment is to provide a physiologic occlusion and facilitate
other dental treatment and has little to do with Angle's
concept of an ideal tooth relationship.

Possible tooth movements in adjunctive treatment in-
clude mesial or distal movement of specific crowns, roots, or
both; correction of axial inclination of drifted teeth; correc
tion of the buccolingual position of certain teeth; correction
of rotations; and vertical movements of individual teeth. Al-
though intrusion of teeth can be an important part of com-
prehensive treatment for adults (see Chapter 21), it should
be avoided as an adjunctive procedure because of the tech-
nical difficulties involved and the possibility of periodontal
complications. As a general rule for adjunctive treatment,
teeth that are excessively extruded are best treated by re-
duction of crown height, which has the added advantage of
improving the ultimate crown-to-root ratio of the teeth.

Obviously, the time needed for any orthodontic treat-
ment depends on the severity of the problem and the
amount of tooth movement desired, but with efficient use of
orthodontic appliances, it should be possible to reach the
objectives of any adjunctive treatment within six months. As
a practical matter, this means that like comprehensive or-
thodontics, most adjunctive orthodontics requires fixed ap-
pliances to get the job done in a reasonable period of time.

Biomechanical Considerations
Characteristics of the Orthodontic Appliance.

	

In
general, control of anchorage requires that anchor teeth
not be allowed to tip. This is a major reason that adjunctive
tooth movement usually requires a fixed appliance. For ad-
junctive orthodontic treatment, we recommend the 22-slot
edgewise appliance with twin brackets (one-half the width
of the crown). The rectangular (edgewise) bracket slot per-
mits control of buccolingual axial inclinations, the rela-
tively wide bracket helps control undesirable rotations and
tipping, and the larger slot size allows the use of stabilizing
wires that are somewhat stiffer than ordinarily might be
used in comprehensive treatment.

Adults traditionally have been somewhat reluctant to
wear obvious fixed appliances and often request a remov-
able appliance. However, these appliances are rarely sat
isfactory for adjunctive (or comprehensive) treatment.
Removable appliances make control of root position ex-
tremely difficult (see Chapter 10), and it also is difficult to
correct rotations at the same time the crown of a tooth is
repositioned (Figure 20-2). In addition, removable appli-
ances at best are worn only part of the time. Intermittent
forces, though capable of producing tooth movement, are
not as efficient as continuous forces, particularly in the
presence of occlusal interferences. Discomfort and inter-
ference with speech and mastication are far less with a care-
fully designed and placed fixed appliance than with most
removable appliances. In nearly all cases, if the patient is
convinced of the importance of treatment, resistance to
fixed appliances is minimal.

FIGURE 20-2

	

The direction of tooth movement is always at
right angles to the initial contact of a fingerspring on a removable
appliance, thus control of tooth position and correction of rota-
tions can be extremely difficult. On the right, applying the spring
so that the premolar rotation would improve carries the tooth
buccally.

Removable appliances, however, may have an advan-
tage over fixed appliances for some patients with multiple
missing teeth. They permit the reaction forces from tooth
movement to be spread over adjacent supporting tissues
such as the palatal vault and alveolar mucosa as well as the
anchor teeth. If many teeth are missing, this approach may
be the only way to generate sufficient anchorage.

Modern edgewise brackets of the straight wire type
(see Chapter 12) are designed for a specific location on an
individual tooth. With the brackets in this position, a rec
tangular wire bent to ideal arch form, if deflected and fully
engaged into the bracket slot, theoretically would produce
a force system to move the teeth into an ideal relationship
with correct tip, torque, and rotations. For an ideal patient,
it would not be necessary to include first-, second-, and
third-order bends in the wire, thus the "straight wire"
name. If the teeth were severely malposed, of course, a
large rectangular wire that would completely fill the
bracket slot would be too stiff to use initially, and a series of
progressively stiffer archwires would be required to obtain
the ideal tooth positions.

Placing the bracket in its ideal position on each tooth
implies that every tooth will be repositioned if necessary to
achieve ideal occlusion. Since adjunctive treatment is con
cerned with only limited tooth movements, usually it is nei-
ther necessary nor desirable to alter the position of every
tooth in the arch. For this reason, in a partial fixed appli-
ance for adjunctive treatment, the brackets are placed in an
ideal position only on teeth to be moved, and the remain-
ing teeth to be incorporated in the anchor system are
bracketed so that the archwire slots are closely aligned
(Figure 20-3). This allows the anchorage segments of the
wire to be engaged passively in the brackets with little
bending. Passive engagement of wires to anchor teeth pro-
duces minimal disturbance of teeth that are in a physiolog-
ically satisfactory position. This important point is illus-
trated in more detail in the sections on specific treatment
procedures that follow.
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FIGURE 20-4

	

A, The center of resistance of a single rooted
tooth lies approximately six-tenths of the distance between the
apex of the tooth and the crest of the alveolar bone. Loss of alve-
olar bone height, as for the tooth on the right, leads to apical re-
location of the center of resistance. B, The magnitude of the tip-
ping moment produced by a force is equal to the force times the
distance from the point of force application to the center of resis-
tance. If the center of resistance moves apically, the tipping mo-
ment produced by the force (MF) increases, and a larger counter-
vailing moment produced by a couple applied to the tooth (M ( ;)
would be necessary to effect bodily movement. This is almost im-
possible with a removable appliance-for all practical purposes, a
fixed appliance is required (see Chapter 10 for more detail).

FIGURE 20-3

	

A, Brackets placed in the "ideal" position on
the anchor teeth. Placement of a straight length of wire will cause
uprighting of the anterior teeth as the brackets are brought into
alignment. For adjunctive orthodontic treatment, movement of
the anchor teeth is often undesirable. B, Brackets placed in the
position ofmaximum convenience. Placement ofa straight length
ofwire will maintain the existing bracket and hence tooth align-
ment. If a rectangular wire is used that closely fits the bracket slot
and the brackets are not in the ideal position, the buccolingual po-
sition of the teeth can be changed. We recommend the use of fully
adjusted "straight wire" brackets and working archwires that are
somewhat smaller than the bracket slot, to reduce unwanted
buccolingual movement of anchor teeth.

Effects of Reduced Periodontal Support. Since
patients who need adjunctive orthodontic treatment often
have periodontal problems, the amount of bone support of
each tooth is an important special consideration. When
bone has been lost, the periodontal ligament (PDL) area
decreases, and the same force against the crown produces
greater pressure in the PDL of a periodontally compro-
mised tooth than a normally supported one. The absolute
magnitude of force used to move teeth must be reduced
when periodontal support has been lost (see Figure 21-13).
In addition, the greater the loss of attachment, the smaller
the area of supported root and the further apical the center
of resistance will become (Figure 20-4).`' This affects the
moments created by forces applied to the crown and the
moments needed to control root movement (see Chapter
10). In general terms, tooth movement is quite possible
despite bone loss, but lighter forces and relatively larger
moments are needed.

Timing and Sequence of Treatment
(Figure 20-5)
After the development of a comprehensive treatment plan,
the first step is the control of any active dental disease.
Before any tooth movement, active caries and pulpal
pathology must be eliminated, using extractions, restora-
tive procedures, and pulpal or apical treatment as neces-

sary. Endodontically treated teeth respond normally to or-
thodontic force, providing all residual chronic inflamma-
tion has been eliminated . 3 Prior to orthodontics, teeth
should be restored with well-placed amalgams or compos-
ite resins. Restorations requiring detailed occlusal anatomy
should not be placed until any adjunctive orthodontic
treatment has been completed, because the occlusal rela-
tionships will inevitably be changed by orthodontic tooth
movement, and this could necessitate remaking crowns,
bridges or removable partial dentures.

Periodontal disease also must be controlled before
any orthodontics begins, because orthodontic tooth move-
ment superimposed on poorly controlled periodontal
health can lead to rapid and irreversible breakdown of
the periodontal support apparatus. 4 A period of up to 6
months may be needed to allow healing and resolution of
inflammation before tooth movement begins. Scaling,
curettage (by open flap procedures, if necessary), and gin-
gival grafts should be undertaken as appropriate, before
any tooth movement is done. Surgical pocket elimination
and osseous surgery should be delayed until completion of
the orthodontic phase of treatment, because a significant
amount of soft tissue and bone recontouring occurs
during orthodontic tooth movement. Clinical studies have
shown that orthodontic treatment of adults with both
normal and compromised periodontal tissues can be
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TREATMENT SEQUENCE: COMPLEX PROBLEMS

FIGURE 20-5

	

The sequence of steps in the treatment of
patients requiring adjunctive orthodontics. Orthodontics is used
to establish occlusion, but only after disease control has been
accomplished, and the occlusion should be stabilized before
definitive restorative treatment is carried out.

completed without loss of attachment, providing there is
good periodontal therapy both initially and during tooth
movement. 5,6

During this preparatory phase, the patient's enthusi-
asm for treatment and ability to achieve and maintain good
overall oral hygiene should be carefully monitored. Repo
sitioning the teeth and attempting to restore the occlusion
of patients who are insufficiently motivated to maintain
good oral hygiene are doomed to failure. However, if the
disease process can be controlled and the patient has
demonstrated that he or she is prepared to undergo the
necessary treatment, adjunctive orthodontic tooth move-
ment can significantly improve the final restorative and pe-
riodontal procedures.

ADJUNCTIVE TREATMENT PROCEDURES

Uprighting Posterior Teeth
Treatment Planning Considerations.

	

Loss of pos-
terior teeth, usually first permanent molars, is a frequent
problem in adults. When a posterior tooth is lost, the ad
jacent teeth usually tip, drift, and rotate. As the teeth
move, the adjacent gingival tissue becomes folded and dis-
torted, forming a plaque-harboring pseudopocket that
may be virtually impossible for the patient to clean. The
elimination of potentially pathologic conditions associ-
ated with tipped molars is probably the most important
procedure in adjunctive orthodontics and has the added
advantage of simplifying the ultimate restorative proce-
dures (Figure 20-6).

When planning molar uprighting, a number of inter-
related questions must be answered. The first is, if the third

FIGURE 20-6

	

Loss of a lower molar can lead to tipping
and drifting of adjacent teeth, poor interproximal contacts,
poor gingival contour, reduced interradicular bone, and supra-
eruption of unopposed teeth. Since the bone contour follows the
cementoenamel junction, pseudopockets form adjacent to the
tipped teeth.

molar is present, whether both the second and third molars
should be uprighted. For many patients, distal positioning
of the third molar would move this tooth into a position
where good hygiene could not be maintained, or the up-
righted third molar would not be in functional occlusion.
In these circumstances, it is more appropriate to extract the
third molar and simply upright the retraining second mo-
lar tooth. If both molars are to be uprighted, a significant
change in technique is required, as described below.

The second question is whether to upright the tipped
teeth by distal crown movement (tipping), which would in-
crease the space available for a later pontic, or by mesial
root movement, which would reduce or even close the
edentulous space (Figure 20-7). This decision will depend
on the position of the opposing teeth, the occlusion de-
sired, the anchorage available, and perhaps most impor-
tantly, the contour of the bone in the edentulous ridge area.
If extensive ridge resorption has already occurred, particu-
l arly in the buccolingual dimension (Figure 20-8), mesial
movement of a wide molar root into the narrow alveolar
ridge will proceed very slowly, and can result in a dehis-
cence of bone from the mesial, buccal, and lingual root sur-
faces. Most individuals who need molar uprighting lost
their first molars many years previously, and ridge resorp-
tion already has occurred. Total space closure for these pa-
tients is almost impossible to achieve and maintain. In gen-
eral, distal crown tipping for uprighting molars is preferred
over mesial root movement, but either way, attention must
be paid to obtaining a correct axial inclination of the molar.
The molar and premolar roots should be parallel or nearly
so before a bridge (or implant) is placed.

The third question is whether slight extrusion of a
tipped molar is permissible or whether the existing occlusal
height must be maintained as the uprighting occurs. Tip
ping a tooth distally generally extrudes it. This has the
merit of reducing the depth of the pseudopocket found on
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FIGURE 20-7

	

A, Uprighting a tipped molar by distal crown
movement leads to increased pontic space, whereas, B, uprighting
the molar by mesial root movement reduces pontic space and
might eliminate the need for a prosthesis-but this can be very
difficult, especially if the alveolar bone has resorbed in the area
where a first molar was extracted many years previously.

the mesial surface, and since the attached gingiva follows
the cementoenamel junction while the mucogingival junc-
tion remains stable, it also increases the width of the kera-
tinized tissue in that area. In addition, if the height of the
clinical crown is systematically reduced as uprighting pro-
ceeds, the ultimate crown-root length ratio will be im-
proved (Figure 20-9). In contrast, maintaining the existing
occlusal level as the tooth uprights will require intrusion,
which carries with it at least the theoretic possibility of re-
locating infected crevicular tissue further subgingivally.
Moreover, intrusion of molars is technically difficult, re-
quiring precisely directed, gentle and long-acting forces.
Unless slight extrusion or crown-height reduction is ac-
ceptable, which usually is the case, the patient should be
considered to have problems that require comprehensive
treatment and treated accordingly.

The final question is whether the premolars should be
repositioned as part of the treatment. This decision will de-
pend on the position of these teeth, the existing contacts
and the opposing intercuspation, and the restorative plan;
but in many cases the answer is yes. It is particularly desir-
able to close spaces between premolars when uprighting
molars, because this will improve both the periodontal
prognosis and long-term stability.

Appliances for Molar Uprighting. A partial fixed
appliance is preferred to upright tipped molars. Although
the design and application may vary slightly, the principles
are the same. Each appliance can be separated into an active
and a reactive (stabilizing or anchor) unit. To provide ap-
propriate anchorage, all teeth as far forward as the canine in
the treatment quadrant should be included. In most cases,
the canine on the contralateral side also should be linked to
the anchor teeth by the use of a heavy stabilizing lingual
arch (Figure 20-10). This is all but mandatory in the man-

FIGURE 20-8

	

Loss of the first molar has led to resorption of
the alveolar ridge in the edentulous space. The second molars
have been uprighted by distal crown tipping since attempts to
move the roots mesially would almost certainly have resulted in a
dehiscence of bone on the mesiolingual root. Note the teeth on
the right side prepared for a stabilizing splint, which has been
bonded in place on the left side.

FIGURE 20-9

	

Uprighting a tipped molar increases the crown
height while it reduces the depth of the mesial pocket. Subsequent
crown reduction improves the ratio of crown height to supported
root length of the molar.

dibular arch and advisable in the maxillary arch, particularly
if n premolar also is missing. This canine-to-canine stabiliz-
ing arch not only increases the anterior anchorage but also
resists buccal displacement of the anchor teeth.

Directly bonded brackets generally are preferred over
bands for the premolars and canine teeth in the anchor-
age unit. The decision as to a band or bonded attachment
for the molar(s) depends on the individual circumstance.
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FIGURE 20-10

	

A bonded canine-to-canine stabilizing lin-
gual arch is needed in most patients who require molar up-
righting to increase the anterior anchorage and prevent buccal
displacement of the anchor premolars. The wire usually is 30
mil steel. It should be placed up on the cingulum of the incisors
for maximum mechanical efficiency and so the patient can
maintain good oral hygiene. Retention is improved either by
using pre-welded mesh pads on the wire as shown here (avail-
able commercially), or by curving the ends of the wire in the
area where it will be bonded and roughening the surface (see
Figure 19-15).

FIGURE 20-11

	

A, If a single molar is to be uprighted, it
should carry a wide twin bracket with a convertible cap and gin-
givally placed auxiliary tube as shown here on the lower second
molar. B, If two adjacent molars are to be uprighted, the con-
vertible cap on the mesial molar bracket should be removed
before cementing the band, and the terminal molar should carry
a single tube.

FIGURE 20-12

	

Lingual buttons or cleats (shown here) per-
mit the use of auxiliary elastics that help in correction of rota-
tions or crossbites. Here, lingual attachments and an elastomeric
chain are being used for rotation of the molar. If lingual attach-
ments are needed, they should be welded to a band, not bonded
individually.

Bonded attachments for molars are more likely to fail than
bonded brackets for premolars or anterior teeth, because
of the difficulty in moisture control in the molar region
and because occlusal forces against the attachment may be
heavy. On the other hand, gingival irritation is greater
with bands than bonded attachments. A general guideline
is that molar bands are best when the periodontal condi-
tion allows, which means for all practical purposes they
would be used in younger and healthier patients. The
greater the degree of periodontal breakdown around the
molar to be uprighted, the more a bonded attachment
should be considered. Bonding to metal or porcelain sur-
faces is less successful than bonding to enamel, so teeth
with large restorations on the buccal surface usually are
better banded than bonded.

Whether it is banded or bonded, the molar to be up-
righted should carry a combination attachment consisting
of a wide twin bracket with a convertible cap and a gingi
vally placed auxiliary tube. This attachmentis listed in most
orthodontic catalogs as being for first molars but can be
adapted easily to second molars. If second and third molars
are being uprighted simultaneously, the convertible cap
should be removed before the second molar band is ce-
mented or the attachment is bonded, and the third molar
should carry a single tube (typically catalogued as being for
second molars) (Figure 20-11). If rotations or crossbites are
to be corrected, lingual buttons or cleats may be helpful,
but if they are used, these lingual attachments should be
welded to bands, not bonded individually to the lingual sur-
faces (Figure 20-12).

Where premolar and canine brackets should be placed
depends on the intended tooth movement. If these teeth
are to be repositioned, the brackets should be placed in the
ideal position at the center of the facial surface of each
tooth. However, if the teeth are merely serving as anchor
units and no repositioning is planned, then the brackets
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FIGURE 20-13

	

Fixed appliance technique for uprighting a
single molar. A, Initial bracket alignment is achieved by placing a
light flexible wire such as 17 X 25 A-NiTi or 17 X 25 braided
stainless steel, from molar to canine; B, subsequently, a helical up-
righting spring of stiffer wire, 17 X 25 stainless steel is placed in
the auxiliary molar tube and activated by engaging the mesial
hook over the stabilizing wire. C, If the relative alignment of the
molar precludes extending the stabilizing segment into the molar
bracket, then a rigid stabilizing wire, 19 X 25 stainless steel, is
placed in the premolars and canine only (with the brackets bonded
so this wire is passive-see Figure 20-3). The mesial arm of the
uprighting spring should be adjusted to lie passively in the
vestibule before engagement.

should be placed in the position of maximum convenience

where minimum wire bending will be required to engage a
passive archwire (see Figure 20-4).

Uprighting a Single Molar
Distal Crown Tipping with Occlusal Antagonist.

	

If
the molar is only moderately tipped, treatment often can
be accomplished with a flexible rectangular wire such as

17 X 25 braided stainless steel or 17 X 25 NiTi. If the an-

chor teeth require extensive alignment, the best choice is
17 X 25 A-NiTi that delivers approximately 100 gm of force
(see Chapter 10 for a more complete description of this

modern material). If the anchor teeth are reasonably well
aligned, 17 X 25 braided steel wire usually is satisfactory.

Providing the wire can be placed in the brackets without

FIGURE 20-14

	

Because the force is applied to the facial sur-
face of the teeth, a helical uprighting spring tends not only to ex-
trude the molar but also to roll it lingually, while intruding the
premolars and flaring them buccally. To counteract this side ef-
fect, the uprighting spring should be curved buccolingually so
that when it is placed into the molar tube, the hook would lie lin-
gually to the archwire prior to activation (dotted red).

permanent distortion and the occlusal contacts are not too

heavy, a single wire may complete the necessary uprighting.

From the placement of the initial wire, it is always advisable

to relieve occlusal contacts against the molar. Failure to re-

lieve the occlusion prevents the molar from tipping up-

right, may cause excessive tooth mobility, and greatly in-

creases treatment time.

If the molar is severely tipped, a continuous wire that

uprights the molar will also tip the second premolar dis-

tally, which is undesirable. It is better therefore to carry

out the bulk of the uprighting using a sectional upright-

ing spring. A stiff rectangular wire (19 X 25 steel) main-

tains the relationship of the teeth in the anchor segment,

and an auxiliary spring is placed in the molar auxiliary

tube. The uprighting spring is formed from either 17 X

25 beta-Ti wire without a helical loop, or 17 X 25 steel

wire with a loop added to reduce the force level (Figure

20-13). The mesial arm of the helical spring should be ad-

justed to lie passively in the vestibule and upon activation

should hook over the archwire in the stabilizing segment.

It is important to position the hook so that it is free to

slide distally as the molar uprights. A slight lingual bend

placed in the uprighting spring is needed to counteract

the forces that tend to tip the anchor teeth buccally and

the molar lingually (Figure 20-14).

Because uprighting a tipped molar as described above

causes considerable occlusal as well as distal crown move-

ment, this method should be used only when the terminal

molar has an occlusal antagonist. Frequent occlusal adjust-

ments are necessary to reduce developing interferences, but



624

	

SECTION VIII

	

Treatment forAdults

even so, the occlusal contacts control the amount of extru-
sion. The technique will rapidly extrude an unopposed
terminal molar.

Uprighting with Minimal Extrusion.

	

If the molar to
be uprighted has no occlusal antagonist, if extrusion is un-
desirable, or if the crown is to be maintained in position
while the roots are brought mesially, an alternative up-
righting approach should be used. After initial alignment of
the anchor teeth with a light flexible wire, a single "T-loop"
sectional archwire of 17 X 25 stainless steel or 19 X 25
beta-Ti wire is adapted to fit passively into the brackets on
the anchor teeth and gabled at the T to exert an uprighting
force on the molar (Figure 20-15). When engaged in the
molar bracket, this wire will thrust the roots mesially while
the crown tips distally.

If the treatment plan calls for maintaining or closing
rather than increasing the pontic space, the distal end of the
archwire should be pulled distally through the molar tube,
opening the T -loop by 1 to 2 mm, and then bent sharply
gingivally to maintain this opening. This activation pro-
vides a mesial force on the molar that counteracts distal
crown tipping while the tooth uprights. The fit of the rec-
tangular wire into the rectangular molar tube controls the
position of the tooth in all three planes of space.

Since the extrusive forces generated with this appliance
are small, it is ideally suited for patients in whom the
opposing tooth has been lost. Severely rotated teeth also
may be treated using this appliance, but in this case, the de-

sign of the T-loop is modified so that the end of the arch-
wire is inserted from the posterior aspect of the molar tube
(Figure 20-16).

An alternative method is to stabilize the anchor seg-
ment as described initially, and use a modified design of the
auxiliary uprighting spring with helical loops mesially and
distally. 7 Compared with the T-loop, this gives more pre-
cise control of the force system against the molar, but less
control of its mesiodistal or rotational position.

Final Positioning of Molar and Premolars.

	

Once mo-
lar uprighting has been almost accomplished, often it is de-
sirable to increase the available pontic space and close open
contacts in the anterior segment. This is done best using a
relatively stiff base wire, with a compressed coil spring
threaded over the wire to produce the required force system.
With 22-slot brackets, the base wire should be 18 mil round
or 17 X 25 rectangular steel wire, which should engage the
anchor teeth and the uprighted molar more or less passively.
The wire should extend through the molar tube, projecting
about 1 mm beyond the distal. An open coil spring over the
base wire, when compressed between the molar and distal
premolar, should exert a force of approximately 150 gm to
move the premolars mesially while continuing to tip the mo-
lar distally (Figure 20-17). The coil spring can be either steel
or A-NiTi. A steel spring may need to be reactivated by
compressing it and adding a split tube spacer over the wire
between the coil and the bracket; the very large range of A-
NiTi means that adjustments seldom will be necessary.

FIGURE 20-15

	

A, T-loop spring in 17 X 25 steel wire, show-
ing the degree of angulation of the wire before inserting it into
the molar tube that is necessary to upright a single tipped molar;
B, T -loop spring active to upright the tooth by distal crown tip-
ping; C, pulling the distal of the wire through the molar tube and
opening the Tloop generate a mesial force that results in molar
uprighting by mesial root movement with space closure.

FIGURE 20-16

	

Modification of a T-loop that maybe used to
upright a severely tipped or rotated molar. The terminal part of
the spring is inserted from the distal opening of the molar bracket.

FIGURE 20-17

	

A, Compressed coil spring on a round wire
(usually 18 mil steel) may be used to complete molar uprighting
while closing remaining spaces in the premolar region. B, The
coil spring may be reactivated by addition of a splint spacer over
the archwire.
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However, continued use of a compressed coil spring once
the premolar spaces are closed may result in anterior dis-
placement of the anchor teeth and incisors. Therefore the
occlusion should be checked carefully against the original
study casts at each visit and the spring removed when the
desired movement has been accomplished. Because of the

long range of action of A-NiTi springs, this is particularly
important when these springs are used.

The appliances for uprighting a single molar described
earlier may be used in the maxilla or the mandible unilat-
erally (Figure 20-18) or bilaterally (Figure 20-19). How
ever, it must be remembered that during bilateral molar

FIGURE 20-18

	

Unilateral uprighting of a severely tipped maxillary molar. A and B, The maxillary first
molar and second premolar have been lost, with severe tipping and drifting so that molar uprighting and
space consolidation are necessary before a pontic can be placed. It is necessary to remove the third molar
to reposition the second molar. C, For this patient, bonded brackets on the incisors rather than a canine-
to-canine lingual arch were used for additional anchorage. Initially, a round wire (16 mil steel) was placed
i n the incisor brackets and an elastomeric chain was used to bring the first premolar mesially, to provide ac-
cess for banding the second molar. Then the second molar was banded and an auxiliary spring of 19 x 25
beta-Ti wire was placed to upright the molar. E, Once the continuous 16 mil steel wire could be placed, a
coil spring was used to move the pre-molar mesially and increase the pontic space, while continuing to up-
right the molar. Positioning of the teeth was completed with a compressed coil spring on an 18 mil round
wire and an elastomeric chain. F, The completed bridge in place. G, Pre-treatment and H, post-treatment
radiographs showing improved root inclinations and bone contour. (Courtesy Dr. T Shaughnessy.)
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FIGURE 20-19

	

Bilateral molar uprighting in the maxillary arch. A, After the loss of maxillary first
molars and one second premolar, the second molars have tipped and rotated mesially; B, radiographs show
the poor bone contour and degree of tipping. C and D, T-loop uprighting springs active on the right to
bring the root mesially and on the left to tip the crown distally, increasing space for a pontic. E and F, The
uprighted teeth with intracoronal splints in place to stabilize the uprighted teeth until bridge construc-
tion; G and H, Radiographs showing restorative procedures completed. Note the improved root paral-
leling and alveolar ridge contour.

uprighting, the strain on the anterior anchorage is increased.
Very light forces should be used and the anterior occlusion
must be monitored carefully. If it appears that the anchor
teeth are moving, then it is advisable to deactivate one seg-
ment, complete molar uprighting in one quadrant, stabilize
those teeth, and then upright the contralateral quadrant.

Uprighting Two Molars in the Same Quadrant.
Because the resistance offered when uprighting two molars
is considerable, only small amounts of space closure should
be attempted. The goal of treatment is to upright the

molars with a combination of mesial root movement and
distal crown tipping, opening the space slightly. Trying to
upright both the second and third molars bilaterally at the
same time is not a good idea-significant movement of the
anchor teeth is inevitable.

When both the second and third molars are to be up-
righted, the third molar should carry a single rectangular
tube and the cap should be removed from the convertible
bracket on the second molar (see Figure 20-11). Since the
second molar is usually more severely tipped than the third
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FIGURE 20-20 Stabilization after tooth movement should continue until the prostheses are
placed. A, An extracoronal splint using 19 X 25 steel wire engaging the brackets passively; B, an intra-
coronal splint when bonded in place with composite resin causes minimal tissue disturbance. The in-
tracoronal splint is preferred, particularly if retention is to be continued for more than a few weeks.

molar, increased flexibility of the wire mesial and distal to
the second molar is required. The best approach is to use a
modern highly flexible wire initially, and 17 X 25 A-NiTi
usually is a good choice. Excessive mobility of the teeth be-
ing uprighted can result from either too much force or
(more likely if the modern NiTi and beta-Ti wires are used)
failure to reduce the occlusal interferences.

The treatment time will vary with the type and extent
of the tooth movement required. Uprighting a tooth by
distal crown tipping proceeds more rapidly than mesial
root movement. Failure to eliminate occlusal interferences
will prolong treatment. The simplest cases should be com-
pleted in 8 to 10 weeks, but uprighting two molars with
mesial root movement could easily take 20 to 24 weeks, and
the complexity of doing this puts it at the margin of ad-
junctive treatment.

Retention.

	

After molar uprighting, the teeth are in
an unstable position until the prosthesis that provides the
long-term retention is placed. Long delays in making the
final prosthesis should be avoided if possible. As a general
guideline, a fixed bridge can and should be placed within 6
weeks after uprighting is completed. Especially if an im-
plant is planned, there may be a considerable delay while
the bone graft heals and the implant becomes integrated.
For a short time, the orthodontic retainer can be a 19 X 2 5

steel or 21 X 25 beta-Ti wire designed to fit the brackets
passively (Figure 20-20). If retention is needed for more
than a few weeks, the preferred approach to intermediate
splinting is an intracoronal wire splint (19 X 25 or heavier
steel wire), bonded into shallow preparations in the abut-
ment teeth (see Figures 20-8 and 20-19). This type of splint
causes little gingival irritation and can be left in place for a
considerable period, but it would have to be removed and
rebonded to allow bone grafting and implant surgery.

Forced Eruption
Indications.

	

Teeth with defects in the cervical third
of the root or isolated teeth with one or two walled vertical
periodontal defects pose a complex dental problem (Figure
20-21). These problems can arise after horizontal or
oblique fracture, internal or external resorption, decay,
pathologic perforation or periodontal disease. To obtain
good access for endodontic and restorative procedures or

to reduce pocket depth, it would be necessary to perform
extensive crown lengthening that would produce poor es-
thetics and adverse changes in the crown-to-root ratio.

Controlled extrusion is an excellent alternatives Ex-
truding the tooth improves endodontic access and can al-
low isolation under rubber dam when it would not be pos
sible otherwise. Forced eruption also allows crown margins
to be placed on sound tooth structure while maintaining a
uniform gingival contour that provides improved esthetics.
In addition, the alveolar bone height is not compromised,
the apparent crown length is maintained, and the bony sup-
port of adjacent teeth is not compromised. As the tooth is
extruded, the attached gingiva should follow the cemen-
toenamel junction. This returns the width of the attached
gingiva to its original level. However, it usually is necessary
to perform some limited recontouring of the gingiva, and
perhaps of the bone, to produce a contour even with the ad-
jacent teeth and a proper biologic width between bone and
depth of sulcus.

Treatment Planning.

	

Before beginning treatment,
it is essential to have good periapical radiographs to ex-
amine the vertical extent of the defect, the periodontal
support, and the root morphology and position. The ideal
morphology is a single tapering root. Flared or divergent
roots will result in increasing root proximity with extru-
sion and the possibility of exposing the root furcation
area. In rare instances, hypercementosis or dilaceration of
the root may make forced eruption complicated or im-
possible.

As a general rule, endodontic therapy should be com-
pleted before extrusion of the root begins. For some pa-
tients, however, the orthodontic movement must be com
pleted before definitive endodontic procedures, because
one purpose of extrusion may be to provide better access
for endodontic and restorative procedures. In such circum-
stances, preliminary endodontic treatment to relieve symp-
toms is done initially, and the tooth is maintained with a
temporary root filling or other palliative treatment until it
has been moved to a better position.

The distance the tooth should be extruded is deter-
mined by three things: (1) the location of the defect (frac-
ture line, root perforation, etc.) that is being treated;
(2) space to place the margin of the restoration so that it is
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FIGURE 20-21

	

Situations in which forced eruption of teeth will improve restorative
procedures. A, Crown fracture at the alveolar crest; B, internal root resorption; C, isolated
vertical periodontal defect.

not at the base of the gingival sulcus (typically, 1 mm is
needed); and (3) an allowance for the biological width of
the gingival attachment (about 2 mm). Thus if a fracture is
at the height of the alveolar crest, the tooth should be
extruded about 3 mm; if it is 2 mm below the crest, 5 mm
of extrusion ideally would be needed. The crown-to-root
ration at the end of treatment should be 1:1 or better. A
tooth with a poorer ratio can be maintained only by splint-
ing it to adjacent teeth.

Isolated one or two wall vertical pockets pose a partic-
ular esthetic problem if they occur in the anterior region of
the mouth. Surgical correction may be contraindicated
simply on esthetic grounds. Forced eruption of such teeth,
with concomitant crown reduction, can improve the peri-
odontal condition while maintaining excellent esthetics
(Figure 20-22).

The length of time required for forced eruption will
vary with the age of the patient, the distance the tooth has
to be moved, and the viability of the PDL. In general, ex
trusion can be as rapid as 1 mm per week without damage
to the PDL, so 3 to 6 weeks is sufficient for almost any pa-
tient. Too much force, and too rapid a rate of movement,
runs the risk of tissue damage and ankylosis.

Orthodontic Technique. Since extrusion is the
tooth movement that occurs most readily and intrusion the
movement that occurs least readily, ample anchorage is
usually available from adjacent teeth. The appliance needs
to be quite rigid over the anchor teeth, and flexible where
it attaches to the tooth that is being extruded. This con-
traindicates the use of a continuous flexible archwire, which
would produce the desired extrusion but also tip the adja-
cent teeth toward the tooth being extruded, reducing the
space for subsequent restorations and disturbing the inter-
proximal contacts within the arch (Figure 20-23).

Two methods are suggested, one with (Figure 20-24,
A) and the other without the use of orthodontic brackets
(Figure 20-24, B-D). It is possible to bond a heavy stabiliz
ing wire, 19 X 25 or 21 X 25 stainless steel, directly to the
facial surface of the adjacent teeth.` A post and core with
temporary crown and pin is placed on the tooth to be ex-
t ruded, and an elastomeric module or auxiliary NiTi spring
is used to extrude the tooth (see Figure 16-22 for the use of
NiTi piggyback springs). This appliance is simple, provides
excellent control of anchor teeth, and avoids cumbersome
orthodontic attachments, but better control can be ob-
tained when orthodontic brackets are used.
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FIGURE 20-22

	

A, This central incisor had a crown placed after being chipped previously, but now
showed gingival inflammation and elongation. B, A periapical radiograph revealed internal root resorp-
tion below the crown margin. The treatment plan was, C, endodontic treatment, then elongation of the
root so that a new crown margin could be placed on sound root structure. D, Initially, an elastomeric tie
was used from an archwire segment to an attachment on the post cemented in the root canal; E, then loops
i n a flexible rectangular wire were employed for quicker and more efficient movement. Four mm elonga-
tion occurred in as many weeks. F to H, A gingivally repositioned flap was used to produce the correct
gingival contour, then, I and J, a coping and final ceramic crown were prepared. Extraction of the tooth
was avoided and a highly esthetic restoration was possible. (Courtesy Dr. H. Fields.)
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The alternative is to bond brackets to the anchor
teeth, bond or band the tooth to be extruded, and use a
modification of the T-loop appliance described earlier. If
the buccal surface of the tooth to be extruded is intact, a
bracket should be bonded as far gingivally as possible
(Figure 20-25). If the crown is hopelessly destroyed, an
orthodontic band with a bracket usually can be placed
over the remaining root surface (Figure 20-26). An or-
thodontic band has the benefit of helping isolation proce-
dures during emergency endodontic treatment. Two or
three adjacent teeth should be bonded to serve as the
anchor unit. The brackets on these anchor teeth can be

FIGURE 20-23

	

Although a straight orthodontic wire acti-
vated apically will produce an extrusive force on a tooth, it will
also cause the teeth on either side to tip toward each other, re-
ducing the space available for the extruding tooth.

placed somewhat more occlusally than the ideal position.
A T-loop archwire is made from 17 X 2 5 stainless steel or
19 X 25 beta-Ti wire, with the height of the loop being
determined by the vestibule depth. The part of the wire
engaging the tooth to be extruded should be designed to
lie more occlusal than the anchor segment. The wire
should fit the anchor segment reasonably passively, unless
some additional alignment of this segment is desired, and
the T -loop should not impinge on the gingival or facial
tissues when engaged. The rectangular wire gives positive
three-dimensional control during extrusion.

Whatever appliance is used, the patient must be seen
every 1 to 2 weeks to reduce the occlusal surface of the
tooth being extruded, control inflammation, and monitor
progress. After active tooth movement has been completed,
the tooth should be stabilized, either by bending a rectan-
gular wire to fit passively into all the brackets (if they were
used), or by tying the pin to the bonded stabilizing wire.
Stabilization allows for proper reorganization of the PDL
fibers and allows the bone to remodel, discouraging re-
lapse. In general, 3 to 6 weeks of stabilization should be suf-
ficient after extrusion. If periodontal surgery is needed to
recontour the alveolar bone and/or reposition the gingiva,

FIGURE 20-24

	

Possible approaches to extrusion of a single tooth. A, With brackets and bands on the
teeth, a modified T -loop in 17 X 25 steel or 19 X 25 beta-Ti wire will extrude a tooth while controlling
mesio-distal tipping. B to D, Extrusion also can be done without conventional orthodontic attachments,
by bonding a 19 X 25 steel stabilizing wire directly to the facial surface of adjacent teeth. An elastomeric
module is stretched between the stabilizing wire and a pin placed directly into the crown of the tooth to
be extruded. If a temporary crown can be used for esthetics while the extrusion is being done, as shown
in C and D, it must be progressively cut away to make the tooth movement possible. (B to D, Courtesy
Dr. L. Osterle.)
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FIGURE 20-25

	

A, Mandibular canine showing internal root resorption and suspected lateral
perforation. Access is poor and surgical crown lengthening may jeopardize the periodontal integrity of
adjacent teeth. B, Segmental T-loop appliance active to extrude the canine. The bracket has been placed
as far gingival as possible and the crown must be reduced vertically to permit extrusion. C, The canine
has been extruded. Note the relationship of the bracket to the gingival margin. D, Extrusion has moved
the lateral perforation to the alveolar margin, where it is accessible for endodontic treatment. E, Two
year follow-up showing stable condition. Note the excellent bone height on the adjacent teeth. (From
Tuncay OC: f Prosthet Dent 46:41-47, 1981.)
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this can be done 1 month after completion of the extrusion.
As with molar uprighting, it is better to complete the
definitive prosthetic treatment without extensive delay.

Alignment of Anterior Teeth
Indications.

	

The major indications for adjunctive or-
thodontic treatment to correct malaligned anterior teeth are:

1. To improve access and permit placement of well-
adapted and contoured restorations (e.g., when
composite resin build-ups to recontour incisors are
planned, or when periodontally-compromised in-
cisors must be splinted)

2. To permit placement of crowns and pontics without
overcontoured crowns that would produce poor
embrasure form

3. To reposition closely approximated roots, to im-
prove the embrasure form and increase the amount
of interradicular bone, which in turn increases the
chance that periodontal disease can be controlled

4. To position teeth so implants can be placed to sup-
port restorations

Rotations, crowding, spacing, tipped teeth, and cross-
bites all pose problems for restorative and periodontal pro-
cedures. Most alignment problems are reflections of
crowding or spacing within the dental arch. As such, it is
first necessary to assess how much space would be required
or created during arch alignment. Moving teeth lingually
and correcting rotations of anterior teeth requires addi-
tional space within the arch. De-rotating teeth and up-
righting tipped teeth usually causes them to occupy less
space within the arch, while moving teeth facially increases
arch length. Space also may be created by removing inter-
proximal enamel to reduce the mesio-distal width of both
anterior and posterior teeth.

Treatment Planning. Anterior teeth that require
alignment should be brought into their proper position be-
fore definitive restorative procedures. Progressive inter
proximal stripping can be used to create space, within the

FIGURE 20-26

	

A, Lingual cusp of maxillary second premolar fractured subgingivally at the level of
the alveolar crest. B, The tooth is treated endodontically to relieve acute symptoms; C, an orthodontic
band is placed as far gingivally as possible, and a sectional T-loop spring is used to extrude the premolar.
D, The crown has been reduced occlusally as the tooth is extruded; E, excess gingival tissue is removed
surgically exposing the fracture margin, and the tooth is now ready for post and core restoration. Note the
even gingival contour and comparable functional crown lengths. (From Tuncay OC: f Prosthet Dent

46:41-47, 1981.)
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FIGURE 20-27

	

A, Initial models of a patient with a peg-shaped maxillary right lateral incisor, con-
genital absence of the maxillary left lateral, and one mandibular incisor; B, the diagnostic setup suggests
retracting both canines, moving the peg-shaped lateral incisor to the right and building it up, and in-
creasing space for the replacement of the left lateral. C, A sectioned twin bracket has been bonded on the
peg-shaped incisor and a 17.5 mil multistranded wire is used for initial alignment. D, Mesial and distal
movement of teeth with elastomeric modules or coil spring requires a stiffer wire (usually 18 mil stainless
steel) to control tipping. E, Note that the peg lateral has been built up with composite resin, and a nor-
mal width bracket bonded, as final positioning for replacement for the missing lateral is completed. F, A
retainer with a replacement lateral incisor can be used for a short time, but long delays in the definitive
restorative treatment should be avoided.

limits established by the enamel thickness and the mesio-
distal diameter of the crowns at the gingival margin in the
maxillary arch. Approximately 1/2 mm of enamel may be re-
moved from the mesial and distal surface of each maxillary
anterior tooth, giving a maximum of 4 mm additional space
i n the anterior part of the arch. In the mandibular arch, the
smaller mesio-distal width of the incisor teeth reduces the
amount of interproximal stripping that can be undertaken
without producing unacceptable root proximity. For this
reason, crowding greater than 3 to 4 mm in the mandibu-
lar anterior arch nearly always requires the extraction of a
l ower incisor.

A "diagnostic setup" is very helpful in planning treat-
ment for alignment problems, particularly if crowding or
spacing must be corrected. For this procedure, the study
casts are duplicated and the malaligned teeth are carefully
cut from the model, crown dimensions are modified if nec-
essary, and the teeth are then waxed back onto the cast in
a new position (Figure 20-27). Alternative tooth positions
may be tried to determine the optimum for each patient.
Once the most satisfactory occlusion has been established,
the feasibility of the orthodontic treatment can be evalu-
ated in light of the crown and root movements required,
the anchorage available, the periodontal support for each
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FIGURE 20-28

	

A, Deco . ;d maxillary anterior teeth with discoloration after endodontic treatment;
B, the occlusal view shows the degree of crowding and rotation; C, although the lateral incisor has been
treated endodontically, the mesio-distal width of the crown at the gingival margin limits the amount of in-
terproximal stripping possible; D, initial alignment is achieved with a highly flexible archwire, 17.5 mil
multistranded steel, E, which is retied or replaced after 3 to 4 weeks; F, final alignment is achieved with a
stiffer wire (16 or 18 mil steel). G, If anterior crowns are to be placed, minor rotations need not be cor-
rected orthodontically since they can be masked restoratively. This procedure is easier on endodontically
treated teeth since there is no danger of accidental pulp exposure during crown preparation. H, Tempo-
rary crowns in place. Unless the permanent crowns are fused together, retention must be continued to
prevent rotational relapse.



tooth, and the possible occlusal interferences. Teeth that
can be arranged satisfactorily in a diagnostic setup may not
always be as easy to adjust clinically. But if it can't be done
on the laboratory bench, there is no reason to attempt it
clinically.

While stripping anterior teeth may be an excellent way
of gaining a small amount of space, such treatment should
be undertaken with caution since it may have an undesir
able effect on the esthetics, overbite, overjet, and posterior
intercuspation. Treatment of this type should never be un-
dertaken without a diagnostic setup to be sure the teeth will
fit satisfactorily. It also is possible to gain space by stripping
enamel from posterior teeth.' ° An additional 4 mm can be
obtained in this way, but a complete orthodontic appliance
is required, and treatment of this type falls into the com-
prehensive rather than adjunctive category.

Orthodontic Technique
Alignment of Crowded, Rotated and Displaced In-

cisors.

	

Alignment nearly always requires a fixed appli-

ance (Figures 20-28 and 20-29). The first molars should be
bonded or banded to serve as anchorage. This can be aug-
mented if necessary with a rigid lingual arch (see Chapters
9 and 12). Edgewise brackets are bonded on the anterior
teeth, usually canine-to-canine, and an initial ideal arch-
wire is placed. This wire must be light and flexible enough
to be tied to all the brackets (but not necessarily com-
pletely into them) without either becoming permanently
distorted or exerting excessive forces on the teeth. A 16 mil
A-NiTi archwire is the best choice in most circumstances.
If the teeth are only moderately irregular, 17.5 mil braided
stainless steel wire also may be suitable (see Chapter 16).
Unless the wire is turned gingivally at the distal of the mo-
lar tubes, the teeth will flare labially while they align,
which is usually undesirable. Crown reduction should be
started the day the appliances are placed and continued at
subsequent appointments.

If the wire was not seated completely into the brackets
initially (this is often possible with A-NiTi wires), it can be

FIGURE 20-29

	

Adjunctive orthodontic treatment to facilitate treatment of tetracycline staining on
rotated incisors. A, Marked tetracycline staining; B, the color of initial veneers was not satisfactory due to
different mesial and distal thickness used to mask the rotations; C, a fixed orthodontic appliance was used
in conjunction with stripping of mesial and distal surfaces of the incisors to align the teeth; D, the
realigned teeth are prepared for veneers; E and F, veneers of uniform thickness produce a significantly
better esthetic result. (Restorative work courtesy Dr. H. Heymann.)
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tied more tightly at 3- to 4-week intervals. When prelimi-
nary alignment has been completed and the wire passively
engages the brackets, it may be desirable to place a stiffer
round or rectangular wire to complete alignment of the
teeth (remember that the use of rectangular wires presup-
poses the use of modern straight wire brackets). Although
round wires can correct rotations and tip teeth into align-
ment, precise positioning of roots requires the use of a rec-

tangular wire. Rectangular wires should not be used for
preliminary alignment, because they may cause undesirable
root movement at that stage.

Once the ideal crown and root positions have been
achieved, the teeth must be stabilized. Their tendency to
relapse after correction of rotation may be reduced by
severing the distorted supracrestal gingival fibers (see Chap-
ter 18). A carefully constructed retainer with a closely adapted

FIGURE 20-30

	

A, Root proximity between the mandibular right premolar and canine poses a pros-
thetic and periodontal problem. B, Radiograph showing the difficulty of restoring the premolar and
lack of interradicular bone. The premolar must be moved distally without tipping if damage to the root
surfaces of the adjacent teeth is to be avoided. This requires the combination of a translational force
and a root-uprighting moment. C, A removable appliance was used to augment anchorage, and a "-
loop spring was placed between bands on the canine and premolar to provide the moment to move the
premolar root distally. D, Latex elastics hooked to the removable appliance provided a distal transla-
tional force to the premolar. E, Radiographs showing the resultant distal bodily movement of the pre-
molar and formation of new interradicular bone. F, Partial denture in place with tests on the crown of
the premolar. (From Tuncay OC: f Prosthet Dent 46:41-47, 1981.)
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For placement of an implant, there must be adequate room not only between the
crowns of adjacent teeth, but also between the roots. A, Although this patient had had orthodontic treat-
ment previously, root proximity at the site of a missing lateral incisor did not allow placement of an im-
plant without further orthodontics to reposition the roots. B, A fixed appliance was required to obtain the
necessary moments for separation of the roots (note the pontic tied to the orthodontic archwire). C, Im-
plant in place after completion of the root separation. (Courtesy Dr. EM. Thomas.)
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labial bow must be placed immediately upon removal of the
fixed appliance. If a fiber section has been performed, re-
tention should be continued for 6 months. If fibers are not
sectioned, then retention should be continued at night for
an indefinite period. It is probably advisable to delay any
crown construction for 6 to 8 weeks after alignment of
incisors to allow bone remodeling to be completed. The re-
tention schedule outlined previously should then be fol-
lowed unless the crowns are fused together to form a per-
manent retainer.

Separation of Approximated Teeth. Occasionally
two teeth may exhibit close root proximity. The lack of in-
terradicular space at the gingival margin is the critical fac
tor. This not only prevents satisfactory restorative proce-
dures but also predisposes both teeth to rapid progression
if periodontal disease develops. If the roots of such teeth
must be separated, the necessary tooth movement can be
achieved only with a fixed appliance (Figure 20-30), be-
cause a force system that applies a moment effective in
moving roots must be used (see Chapter 10). The anchor-
age can be gained from the adjacent teeth or from a re-
movable appliance. Root movement proceeds more slowly
than crown tipping, and 8 to 10 weeks should be allowed
for such procedures. Periapical radiographs will confirm
that adequate root separation has been achieved.

Positioning Teeth for Single Tooth Implants
Treatment Planning.

	

For many patients with missing
teeth, either congenitally absent or lost to trauma or dental
disease, single tooth implants now provide a preferred
method of restoration. This is an especially attractive
choice for replacing missing anterior teeth when the adja-

cent teeth are caries free and one might hesitate to place a
full coverage or even resin-bonded bridge. Three critical
issues determine the amount of space for an implant: the
space needed for the implant itself, the esthetics, and the
occlusion.

For satisfactory implant placement, there must be
enough room for both the implant and interproximal bone
between it and adjacent teeth. The narrowest implants cur
rently available are 4 mm wide at the shoulder or platform.
Approximately 1 mm of space is required between the im-
plant and the adjacent tooth to allow for proper healing and
to ensure adequate space for the papilla, so 6 mm is the
minimum space. Space is needed not only at the crest of
the ridge, but also between the roots of the adjacent teeth.
The apices of the adjacent teeth must be far enough apart
to allow the surgeon to place the implant without damag-
ing the root or apical tissues (Figure 20-31).

When positioning teeth for an implant, the final es-
thetics must be considered. In general, the contralateral
and adjacent teeth will suggest the size of the prosthetic re
placement. A lateral incisor is typically about two-thirds
the width of the central incisor, and the teeth are bilaterally
symmetrical. Establishing a coordinated gingival contour
on the teeth adjacent to an anterior implant can also be crit-
ical in determining the final esthetics, particularly for those
patients with gingival display on smiling.

The occlusion may also influence the size of the re-
placement crown. If there is any irregularity of the teeth in
the opposing arch, as for example the lower incisor crowd
ing so frequently seen in adults, then establishing a Class I
canine and molar relationship may result in less than
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A, In this adult with multiple missing teeth, a complete fixed orthodontic ap-
pliance was needed in preparation for placement of implants, so that proper root and crown posi-
tions could be obtained; B, progress radiograph, showing the improved tooth positions toward the
end of orthodontic treatment; C, implants in place. (Courtesy Dr. PM. Thomas.)
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ideal space for the implant, unless the patient is left with an
increased overjet and/or overbite. Such considerations
can turn an apparently simple "adjunctive" case into one
requiring far more comprehensive treatment.

Orthodontic Technique. In general, once the plan
for regaining the necessary space and any required root
positioning has been made, the mechanics are relatively
simple, requiring only careful bracket placement and con-
trol of anchorage (Figure 20-32). Root movement, which
always proceeds more slowly than crown tipping, will de-
termine the duration of treatment. It may take as long as six
months to achieve ideal root placement. It is good practice
to take progress periapical radiographs to confirm the
angulation of the teeth prior to removing the orthodontic
appliances.

The timing of implant placement is particularly critical
for adolescents and young adults. Implants to support
restorations should not be placed until all vertical growth has
been completed. For boys this may be as late as their early
20s. Vertical growth in girls is generally complete by age
15-17 years, and implants may be placed correspondingly
sooner (Figure 20-33). Once the implanthas been placed, no
further eruption of this tooth will occur, even though the ad-
jacent teeth continue to erupt in response to increase in the
patient's vertical facial height. The implant is analogous to an
ankylosed tooth. Even though small differences in the level
of the incisal edge might be camouflaged by increasing the
crown length, if the adjacent teeth erupt and the implant
does not, the gingival contours will become uneven. This
can be very unattractive in the anterior maxillary region.

FIGURE 20-33

	

Replacement of missing maxillary lateral incisors with implants.
A and B, Age 12, prior to orthodontic repositioning of the central incisors and canines
in preparation for implants; C and D, age 17, after implant placement and restorations.
Implants usually can be placed at a younger age in girls than boys, but it is important
to delay implants until vertical growth is completed. (Courtesy Dr. PM. Thomas.)



FIGURE 20-34

	

If spacing of maxillary incisors is related to small teeth and a tooth-size discrepancy,
composite build-ups are an excellent solution, but satisfactory esthetics may require redistribution of the
space before the restorations are placed, as in this patient. A and B, Before treatment, age 48; C and D, re-
distribution of the space using a fixed appliance with coil springs on a 16 mil steel archwire, immediately
before removal of the orthodontic appliance and placement of the restorations (to be done the same day).
For this patient, a 17.5 mil multistrand wire was used for initial alignment, before the coil springs were
placed; E and F, completed restorations. Note the bonded retainer of 21.5 mil multistrand wire lingual to
the central incisors to prevent partial reopening of the midline space. Surgical revision of the frenum was
not performed, partially in deference to the patient's age.
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For adults who lose a tooth, placing an implant soon
afterward minimizes the loss of alveolar bone in the newly
edentulous space. Maintaining primary teeth, even though
their roots are partially resorbed, also helps in maintaining
alveolar ridge height and width necessary for satisfactory
implant placement (see Chapter 21 for a further discussion
of implant applications to comprehensive orthodontic
treatment).

Anterior Diastema Closure and Space Redistribution.
Loss of posterior teeth, abnormally small teeth, or loss of
bone support may all result in drifting and spacing of in
cisors. Space closure or redistribution will greatly simplify
restorative procedures and improve the esthetics. Closure

of anterior spaces is usually relatively simple but often
requires permanent retention with a bonded lingual
retainer, fused crowns or a fixed partial denture. For best
esthetics, partial closure of maxillary incisor spacing and
redistribution of the space of a central diastema, followed
by composite build-ups and/or replacement of missing
teeth, often is the treatment of choice.

If the diastema is small or results from adjacent teeth
being tipped in opposite directions, a removable appliance
with finger springs may be used to close the space by sim
ple tipping. However, if the teeth are bodily displaced or
widely separated, a fixed appliance must be used to control
both crown and root positions. A wire bent to ideal arch
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form is used, which may be continuous from molar to
molar if several teeth are to be moved, or involve just the
anterior segment of the arch if only two or three teeth are
to be moved.

Brackets are placed on the teeth to be moved and on
appropriate anchor teeth. Initial alignment is carried out
using a light wire such as 16 mil A-NiTi or 17.5 mil
braided steel. This wire is replaced, 3 to 4 weeks after
bracket engagement is achieved, with a 16 or 18 mil round
steel wire along which the teeth are repositioned using
elastomeric modules or coil springs. Initially the teeth tip,
but the stiffness of the wire in the wide brackets counter-
acts this effect and results in bodily movement. If the
spacing is the result of abnormally small teeth in one arch
(i.e., a tooth size discrepancy exists), it will be impossible
to close all the space while maintaining the posterior in-
tercuspation. In such a case, the teeth must be moved into
an ideally separated position and the crowns built up ei-
ther with composite resins or castings (Figure 20-34).
Even if much of the space of a maxillary central diastema
was filled with a restorative material, if a diastema has
been partially closed there is always a tendency for the
space to reopen. Bonding a flexible wire on the lingual of
the incisors as a semi-permanent retainer is recom-
mended (note Figure 20-34, F).

The restorations are an important part of retention
when excess spaces were present in the arch. They should
be placed immediately upon removal of the orthodontic
appliance. The best plan is to establish the correct position
of the teeth, hold them there with the orthodontic appli-
ance for a few weeks at most, and then do the composite
build-ups on the same day the orthodontic appliance is re-
moved.

Crossbite Correction
Crossbites may occur in any part of the arch and often
cause functional problems such as occlusal interferences,
occlusal trauma and improper occlusal loading. Anterior
crossbites are an esthetic problem as well. If only one or
two teeth are involved, the crossbite usually results from
displacement of crowded teeth or ectopic eruption. If a
group of teeth are involved, it is more likely that the cross-
bite is a skeletal problem and will not respond to limited or-
thodontic treatment. In such a case, if successful restorative
or periodontal treatment cannot be done with the teeth in
the crossbite position, the patient should be referred for
comprehensive orthodontic treatment that may include or-
thognathic surgery.

If a crossbite is due only to displaced teeth and if the
tooth correction requires only tipping movements, then a
removable appliance may be used to tip the teeth into a
normal position. However, when using a removable ap-
pliance, as a tooth rotates labially or buccally into its new
position, there is a vertical change in occlusal level (Fig-
ure 20-35). Tipping maxillary incisors labially to correct

FIGURE 20-35

	

A labially directed force from a removable
appliance will tip the tooth and cause an apparent intrusion of the
crown, which reduces the overbite.

anterior crossbite nearly always produces an apparent in-
trusion and a reduction in overbite. This can present a
problem during retention, since a positive overbite serves
to retain the crossbite correction. A fixed appliance gen-
erally is necessary for vertical control in correction of an-
terior crossbites.

In the posterior segments, crossbites frequently are
corrected using "through the bite" elastics from a conve-
niently placed tooth in the opposing arch. This approach
tips the teeth into the correct occlusion but also tends to ex-
trude them (Figure 20-36). Elastics must be used with cau-
tion to correct posterior crossbites in adults, because the
extrusion can change occlusal relationships throughout the
mouth.

If vertical control is critical and/or some degree of
bodily movement is required in crossbite correction, an
ideal arch system should be used, incorporating the first
molars and two or three teeth on either side of the tooth to
be moved. Progressively stiffer round wires are placed to
align the crown, but the final correction of root position
can be achieved only by placing a rectangular wire that will
almost fill the bracket slot. The reciprocal force will tend
to move the anchor teeth into crossbite. This may be re-
sisted by the use of a transpalatal arch on the molars (Fig-
ure 20-37) or the addition of a removable acrylic plate that
closely contacts the palatal surface of the adjacent anchor
teeth. The rectangular wire can be adjusted to control the
tooth in three planes of space.

If a deep overbite exists on the teeth in crossbite, cor-
rection will be much easier if a temporary bite plane that
frees the occlusion is added. This bite plane should be care
fully constructed to contact the occlusal surfaces of all teeth
to prevent any supereruption during treatment.

Establishing a good overbite relationship is the key to
maintaining crossbite correction. Crown reconstruction
can be used to provide positive occlusal indexing, while
eliminating any balancing interferences from the lingual
cusps of posterior teeth.



FIGURE 20-37 Tipping and extrusion of a tooth during
crossbite correction may be controlled by using a fixed appliance.
Anchorage is obtained from adjacent teeth and the contralateral
molar if necessary, which can be included via a lingual arch as
shown here. A flexible wire engaged in the brackets generates the
necessary controlled forces.
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A, "Through the bite" or cross elastics produce both horizontal and vertical forces
and will extrude the teeth while moving them buccolingually. If these elastics are used to correct posterior
crossbite in adults, care must be taken not to open the bite anteriorly too much. Cross elastics are rarely
indicated for an anterior crossbite. B, Buccal crossbite of the second molars in a patient at age 50 who had
lost the mandibular first molar years previously. The lower second molar had tipped mesially and lingually.
C, The standard orthodontic appliance for uprighting a lower molar was used, consisting of a band on the
mandibular second molar, a bonded canine-to-canine mandibular lingual wire to augment anchorage, and
bonded brackets on the facial of the premolars and canine. In addition, a lingual cleat was placed on the
lower band, and a band with a facial hook was placed on the maxillary second molar, so that cross elastics
could be worn. D, The molar uprighting was completed after the crossbite was corrected. E, The
completed bridge in place. This is classic adjunctive orthodontics. The anterior deep bite and incisor
alignment were not problems for this patient and were not corrected.
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Special Considerations in
Comprehensive Treatment of Adults

Motivation for adult treatment

Psychological considerations
Periodontal and restorative needs as motivating factors

Temporomandibular pain/dysfunction as a reason for
orthodontic treatment

Periodontal aspects of adult treatment

Minimal periodontal involvement

Moderate periodontal involvement

Severe periodontal involvement
Orthodontic-prosthodontic-implant interactions

Special aspects of orthodontic appliance therapy

Applications of segmented arch technique

Space closure
Finishing and retention procedures

Special treatment considerations in patients with
temporomandibular dysfunction

There are no fundamental differences between treat-
ment for adults and children. The response to orthodontic
force may be somewhat slower in an adult than in a child,
but tooth movement occurs in a similar way at all ages, and
comprehensive treatment for adults can be divided into the
same stages discussed in Chapters 16 to 19. Despite this,
comprehensive treatment for adults brings with it a set of
problems that simply do not exist with younger patients.
Special considerations for adults fall into three major cate-
gories: (1) different motivations for seeking orthodontic
treatment and different psychological reactions to it,
(2) heightened susceptibility to periodontal disease, and the
possibility that active periodontal disease and the replace-
ment of missing teeth is the reason for seeking treatment in
the first place, and (3) a lack of growth, even the small
amounts of vertical growth on which orthodontists can rely
during treatment in late adolescence. This not only pre-
cludes changing jaw relationships without surgery but
makes tooth movement more difficult.

Until recent years orthodontic treatment for adults
was unusual, but that is no longer the case (Figure 21-1).
In 1970, fewer than 5% of all orthodontic patients were
age 18 or older. By 1990, 25% fell into that category, and
most of the growth in orthodontics in the 1980s was in the
adult patient group. In the 1990s, orthodontic practice
growth once again was largely in the number of children
being treated. Although adults made up about 15% of all
orthodontic patients toward the end of the decade, the
number of adults receiving comprehensive treatment has
remained more or less constant since the 1990 peak.' The
most recent trend appears to be an increase in the older
adult group (age 40 and up), more of whom now are
candidates for comprehensive rather than just adjunctive
orthodontics.

644

Psychological Considerations
A major motivation for orthodontic treatment of children
and adolescents is the parents' desire for treatment. The
typical child accepts orthodontics in about the same way
that he accepts going to school, summer camp, and the
inevitable junior high school dance-as just another in the
series of events that one must endure while growing up. Oc-
casionally, of course, an adolescent actively resists ortho-
dontic treatment, and the result can be unfortunate for all
concerned if the treatment becomes the focus of an adoles-
cent rebellion. In most instances, however, children tend
not to become emotionally involved in their treatment.

MOTIVATION FOR ADULT TREATMENT

CHAPTER



FIGURE 21-1

	

A-E, At age 27, this woman sought orthodontic treatment because her periodontist
thought that her periodontal disease perhaps could be controlled better if the alignment of her teeth
were improved, and because she had never liked the appearance of her extremely crowded and irregu-
lar maxillary incisors. There was a full-cusp Class II molar relationship and minimal overbite. F, The
panoramic radiograph shows severe bone loss in multiple areas, but active disease was now under con-
trol. G, The cephalometric radiograph showed a mild skeletal Class 11 jaw relationship, with moderate
maxillary incisor protrusion. The treatment plan called for extraction of maxillary first premolars to al-
low for alignment of the upper teeth without creating incisor protrusion, plus reduction of interproximal
enamel to compensate for the tooth-size discrepancy created by the very large maxillary lateral incisors.

continued
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H -J, Because of the severe rotations of the irregular maxillary incisors, after
alignment was completed but with the orthodontic appliance still in place, repositioning of the maxillary
frenum and sectioning of the elastic gingival fibers were carried out; K, three weeks later. L-P, After
18 months of treatment, both the occlusion and appearance of the teeth were greatly improved. (Peri-
odontal surgery by Dr. R. Williams.)

continued
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FIGURE 21-1, Cont'd

	

Q, Cephalometric superimposition shows slight retraction
of the maxillary incisors and mild proclination of the mandibular incisors, as was
desired in this case. R, Panoramic radiograph 1 year after the orthodontic treatment
was completed. The periodontal condition remained under good control during and
following the orthodontic treatment. (Periodontal surgery by Dr. R. Williams.)
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Adults, in contrast, seek comprehensive orthodontic
treatment because they themselves want something. That
something, however, is not always clearly expressed, and
in fact some adults have a remarkably elaborate hidden set
of motivations. It is important to explore why the patient
wants treatment, and why now as opposed to some other
time, to avoid setting up a situation in which the patient's
expectations from treatment cannot possibly be met.
Sometimes orthodontic treatment is sought as a last-ditch
effort to improve personal appearance to deal with a series
of complicated social problems. An extreme example
might be an individual whose marriage is failing and who
thinks that perhaps this would not happen if his or her
protruding front teeth were corrected. Orthodontic treat-
ment obviously cannot be relied on to repair personal re-
lationships, save jobs, or overcome a series of financial
disasters. If the prospective patient has unrealistic expec-
tations of that sort, it is much better to deal with them
sooner rather than later.

Most adult patients, fortunately, understand why they
are seeking orthodontic treatment and are realistic about
what they can obtain from it. One might expect those who
seek treatment to be less secure and less well adjusted than
the average adult, but for the most part, those who seek
treatment tend to have a more positive self-image than av-
erage. z It apparently takes a good deal of ego strength to
seek orthodontic treatment as an adult, and ego strength
rather than weakness characterizes most potential adult pa-
tients. A patient who seeks treatment primarily because he
or she wants to improve the appearance or function of the
teeth (internal motivation) is more likely to respond well
psychologically than a patient whose motivation is the urg-
ing of others or the expected impact of treatment on others
(external motivation). External motivation is often accom-
panied by an increasing impact of the orthodontic problem
on personality (Figure 21-2). Such a patient is likely to have
a complex set of unrecognized expectations for treatment,
the proverbial hidden agenda.

One way to identify the minority of individuals who
may present treatment problems because of their unrealis-
tic expectations is to compare the patient's perception of his
or her orthodontic condition with the doctor's evaluation.
If the patient thinks that the appearance or function of the
teeth is creating a severe problem, while an objective as-
sessment simply does not corroborate that, orthodontic
treatment should be approached with caution.

Even highly motivated adults express some concern
about the appearance of orthodontic appliances. The de-
mand for an invisible orthodontic appliance comes almost
entirely from adults who are concerned about the reaction
of others to obvious orthodontic treatment. In an earlier
era, this was a major reason for using removable appliances
in adults, particularly the Crozat appliance in the United
States. However, it is simply impossible to do effective
comprehensive treatment with a removable appliance, par-
ticularly one that is not worn constantly. In recent years,

FIGURE 21-2

	

Dentofacial deformity can affect an individual's
life adjustment. Fortunately, most potential adult orthodontic pa-
tients fall into the "no problem" category. A few highly successful
individuals (who nevertheless may seek treatment) can be thought
of as almost overcompensating for their deformity, but they tend
to be personable and very pleasant to work with. For some indi-
viduals, however, the orthodontic condition can become the focus
for a wide-ranging set of social adjustment problems that ortho-
dontics alone will not solve. These patients fall into the "inade-
quate personality" and "pathologic personality" categories, who
are difficult and almost impossible, respectively, to help. An im-
portant aspect of orthodontic diagnosis for adults is understand-
ing where a patient fits along this spectrum.

the search for less visible appliances has led to clear or
tooth-colored plastic or ceramic brackets (Figure 21-3) and
to fixed lingual appliances (see Chapter 12).

At present, it is not possible to produce an invisible or
minimally visible appliance that does not compromise the
orthodontic treatment. Plastic brackets create problems
in controlling root position and closing spaces. Lingual
appliances, primarily because of the small interbracket
span, also make control of complex tooth movements dif-
ficult. Ceramic brackets, though better than anything
previously, inevitably make the treatment more difficult
because of the problems outlined in Chapter 12. Although
there is nothing wrong with using the most esthetic ap-
pliance possible for an adult patient, the compromises as-
sociated with this approach should be thoroughly dis-
cussed in advance. It is unrealistic for a patient to expect
that orthodontic treatment can be carried out without
other people knowing about it.

The whole issue of the visibility of the orthodontic ap-
pliances is much less important, at least in the United
States, than many patients fear. Orthodontic treatment for
adults is certainly socially acceptable, and one does not be-
come a victim of discrimination because of visible ortho-
dontic appliances. In a sense, the patient's expectations be-
come a self-fulfilling prophecy. If the patient faces others
confidently, a visible orthodontic appliance causes no prob-



FIGURE 21-4

	

For most adults, there is a positive advantage in
carrying out orthodontic treatment in an open treatment area that
allows interaction with other patients, just as there is with adoles-
cents. The interplay between doctor, assistants, and other patients
enhances the patient's learning about orthodontic treatment.

tients, who want and expect a considerable degree of ex-
planation of what is happening and why. The fact that an
adult can be counted on to be interested in the treatment
does not automatically translate into compliance.with in-
structions. Unless adult patients understand why they
have been asked to do various things, they may choose not
to do them, not in the passive way an adolescent might

lems. Only if the patient acts ashamed is there likely to be
any negative reaction from others.

The question of whether an orthodontic office should
have a separate treatment area for adult patients, sepa-
rated from the adolescents who still constitute the bulk
of most orthodontic practices, is related to the same set
of negative attitudes. Most comprehensive orthodontic
treatment for adolescents is carried out in open treatment
areas, not only because the open area is efficient but also
because the learning effect from having patients observe
what is happening to others is a positive influence in pa-
tient adaptation to treatment (Figure 21-4). Should adults
be segregated into private rooms, rather than joining the
group in the open treatment area? This arrangement is
logical only if the adult is vaguely ashamed of being an or-
thodontic patient. Sometimes, for some adults, treatment
in a private area may be preferable, but for most adults,
learning from interacting with other patients is extremely
beneficial. There are positive advantages in having pa-
tients at various stages of treatment compare their experi-
ences, and this is at least as beneficial to adults as to chil-
dren, perhaps more so.

Despite the fact that adult patients can be treated in
the same area as adolescents, they cannot be handled in
exactly the same way. The typical adolescent's passive ac
ceptance of what is being done is rarely found in adult pa-

FIGURE 21-3

	

A sequence of increasingly esthetic brackets for maxillary incisors. A, Standard
twin brackets on anterior bands; B, bonded straightwire brackets, standard size; C, bonded
straightwire brackets, mini-size; D, ceramic brackets. Small bonded metal brackets have less es-
thetic impact than bands, and ceramic brackets further reduce visibility of the appliance. Lingual
appliances (see Figure 12-9) are almost totally invisible. Whether the esthetic improvement from
small metal brackets to ceramic brackets to lingual brackets is worth the additional cost, effort,
and treatment time is a judgment to be made individually with each patient.
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just shrug it off, but from an active decision not to coop-
erate. In addition, adults, as a rule, are less tolerant of
discomfort and more likely to complain about pain after
adjustments and about difficulties in speech, eating, and
tissue adaptation. Additional chair time to meet these
demands should be anticipated.

These characteristics might make adults sound like less
desirable orthodontic patients than adolescents, but this is
not necessarily so. Working with individuals who are in
tensely interested in their own treatment can be a pleasant
and stimulating alternative to the less involved adolescents.
If the expectations of both the doctor and the patient are
realistic, comprehensive treatment for adults can be a re-
warding experience for both.

Periodontal and Restorative
Needs as Motivating Factors
Although comprehensive orthodontic treatment cannot
preclude the possibility of periodontal disease developing
later, it can be a useful part of the overall treatment plan for
a patient who already has periodontal involvement (Figure
21-5). It may be necessary, for instance, to align teeth and
improve occlusal relationships after initial therapy has
brought periodontal disease under control, to make defin-
itive periodontal and restorative treatment possible. In a
sense, this is adjunctive orthodontic treatment, but even if
the major focus of treatment is the periodontal situation,
when the orthodontic therapy involves changing the entire
occlusal scheme it can be considered comprehensive. Not
more than 10% of adult patients have comprehensive
orthodontic treatment primarily because of periodontal
problems, but periodontal considerations are important for
all adults who undergo orthodontic treatment. These are
discussed below in some detail.

Temporomandibular Pain/Dysfunction
as a Reason for Orthodontic Treatment
Temporomandibular pain and dysfunction (TMD symp-
toms) rarely are encountered in children seeking ortho-
dontic treatment, but TMD is a significant motivating
factor for some adults who consider orthodontic treat-
ment. The relationship between dental occlusion and
TMD symptoms is highly controversial, and it is impor-
tant to view this situation reasonably objectively. Ortho-
dontic treatment can sometimes help patients with TMD
problems, but it cannot be relied on to correct them. It is
important for patients to understand what may happen to
their symptoms during and after orthodontics.

Patients with TMD symptoms can be divided into two
large groups: those with internal joint pathology, includ-
ing displacement or destruction of the intea-articular disk;
and those with symptoms primarily of muscle origin,
caused by spasm and fatigue of the muscles that position
the jaw and head (Figure 21-6, on p. 653). The distinction

in many patients is difficult diagnostically, because muscle
spasm and joint pathology can coexist. Nevertheless, the
distinction is important when orthodontic treatment is
considered. It is unlikely that orthodontic treatment alone
will be of significant benefit to the patient who has inter-
nal joint problems or other nonmuscular sources of pain.
Those who have myofascial pain/dysfunction, on the other
hand, may benefit from improved occlusal relationships.

Most of us develop some symptoms of degenerative
joint disease as we grow older, and it is not surprising that
the jaw joints sometimes show internal degenerative changes
(Figure 21-7, on p. 653). Arthritic involvement of the tem-
poromandibular (TM) joints is most likely to be the cause of
TMD symptoms in patients who have arthritic changes in
other joints of the body. A component of muscle spasm and
muscle pain should be suspected in individuals whose only
symptoms are in the TM joint area, even if radiographs
show moderate arthritic degeneration of the joint.

Displacement of the disk (Figure 21-8, on p. 654) can
arise from a number of causes. One possibility is trauma to
the joint, so that the ligaments that oppose the action of the
lateral pterygoid muscle are stretched or torn. In this cir-
cumstance, muscle contraction moves the disk forward as
the mandibular condyles translate forward on wide open-
ing, but the ligaments do not restore the disk to its proper
position when the jaw is closed. The result is a click upon
opening and closing, as the disk pops into place over the
condylar head as the patient opens, but is displaced anteri-
orly on closure.

The click and symptoms associated with it can be cor-
rected if an occlusal splint is used to prevent the patient
from closing beyond the point at which displacement oc
curs. The resulting relief of pain influences patients and
dentists to seek either restorative or orthodontic treatment
to increase facial vertical dimension. However, orthodontic
elongation of all posterior teeth to control disk displace-
ment is not a treatment procedure that should be under-
taken lightly. Often the patient whose symptoms have been
controlled by a splint can tolerate its reduction or removal,
without requiring major occlusal changes. As a general
rule, there are better ways of handling disk displacement
than orthodontic treatment.

Myofascial pain develops when muscles are overly
fatigued and tend to go into spasm. It is all but impossible
to overwork the jaw muscles to this extent during normal
occlusal function. To produce myofascial pain, the patient
must be clenching or grinding the teeth for many hours per
day, presumably as a response to stress. Great variations are
seen in the way different individuals respond to stress, both
in the organ system that feels the strain (those who develop
an ulcerated colon rarely have TMD symptoms also) and in
the amount of stress that can be tolerated before symptoms
appear (tense individuals develop stress-related symptoms
before their relaxed colleagues do). For this reason, it is
impossible to say that occlusal discrepancies of any given
degree will lead to TMD symptoms.3



FIGURE 21-5

	

A-E, This 43-year-old woman was referred by her periodontist for alignment of her ex-
tremely crowded teeth, so that splinting could be accomplished if required (which was considered quite likely),
and to allow better hygiene. F, The full series of intra-oral radiographs, indicated for patients with periodon-
tal disease, shows the extent of bone loss; G, the initial cephalometric radiograph shows a skeletal Class 11
tendency with protrusion of maxillary incisors, and reasonable vertical proportions. After initial control of the
periodontal condition, the treatment plan called for extraction of maxillary first and mandibular second pre-
molars, with comprehensive orthodontic treatment accompanied by periodontal maintenance appointments
at two-month intervals.

continued
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FIGURE 21-5, Cont'd

	

H -J, To keep orthodontic forces as light as possible, space closure was carried
out using 150-gm superelastic coil springs; after the spaces were closed, light Class II elastics also were
employed for 3 months. K-O, After 21 months of orthodontic treatment, both occlusion and alignment
were greatly improved, and the patient was pleased with the change in dental and facial appearance.

continued
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P, Cephalometric superimposition shows the changes that occurred, with
some retraction of the upper but not the lower incisors. Because of the extreme bone loss, suckdown re-
tainers, which splint the teeth, were used full-time for the first six months, then just at night. Q, Panoramic
radiograph 1 year after the completion of treatment. Note that the periodontal condition remained
stable, but some root resorption did occur during the treatment.

FIGURE 21-6 Temporomandibular dysfunction (TMD)
symptoms arise from two major causes: muscle spasm and fatigue,
which almost always are related to excessive clenching and grind-
ing in response to stress, and internal joint pathology. As a gen-
eral guideline, patients with symptoms of muscle spasm and fa-
tigue may be helped by orthodontic treatment, but simpler
methods should be attempted first. Orthodontics alone is rarely
useful for patients with internal joint pathology.

FIGURE 21-7

	

Radiographic appearance of arthritic degener-
ation of the mandibular condyle. Note the flattening of the
condyle and the lipping posteriorly.
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A and B, Arthrotomograms showing anterior disk displacement with reduction on opening.
In A, note the accumulation of dye anteriorly (arrow). In B, with the patient open, the posterior band of the disk
now can be visualized indirectly in the proper position. C, Computerized tomographic (CT) view of a displaced
mandibular disk, which can be visualized clearly in front of the head of the condyle; D, magnetic resonance imag-
ing (MRI) view of displaced disk, with the anterior and posterior bands of the disk indicated on the adjacent
sketch. There is evidence on this scan of a regenerating disk, as shown in the dashed area. CT and MRI scans
have replaced arthrotomograms for diagnosis of disk displacement, with MRI increasingly preferred because of
the absence of ionizing radiation.
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It is possible to demonstrate that some types of occlusal
discrepancies predispose patients who clench or grind their
teeth to the development of TMD symptoms, as well as to
construct a rational case for helping control those problems
by altering the occlusion. It must be kept in mind, however,
that it takes two factors to produce myofascial pain: an oc-
clusal discrepancy and a patient who clenches or grinds the
teeth. Perhaps the most compelling argument against mal-
occlusion as a primary cause of TMD is the observation
that TMD is no more prevalent in patients with extremely
severe malocclusion than in the general population. 4 The
dictum "let your teeth alone" would solve myofascial pain
problems if it could be followed by the patient.

From this perspective, three broad approaches to my-
ofascial pain symptoms can be considered: reducing the
amount of stress; reducing the patient's reaction to the
stress; or improving the occlusal relationships, thereby
making it harder for the patient to hurt himself or herself.
Drastic alteration of the occlusion, by either restorative
dental procedures or orthodontic treatment, is logical only
if the less invasive stress-control and stress-adaptation ap-
proaches have failed. In that circumstance, orthodontic
treatment to alter the occlusion so that the patient can bet-
ter tolerate parafunctional activity (which in some instances
may involve orthognathic surgery to reposition the jaws)
may be worth attempting.'

At one time it was thought that TMD was a progres-
sive problem in essentially all patients. Now it is clear that
for many individuals, problems gradually resolve over time,
with or without treatment. The peak prevalence of TMD
symptoms is in the early thirties; after that, there is a con-
siderable decline. 6 This is another reason for caution in at-
tributing the resolution of TMD problems to adult ortho-
dontic treatment.

PERIODONTAL ASPECTS
OF ADULT TREATMENT

Periodontal problems are rarely a major concern during or-
thodontic treatment of children and adolescents, both be-
cause periodontal disease usually does not arise at an early
age and because tissue resistance is higher in younger pa-
tients. For the same reasons, periodontal considerations are
increasingly important as patients become older, regardless
of whether periodontal problems were a motivating factor
for orthodontic treatment.

The prevalence of periodontal disease as a function of
age in a large group of potential orthodontic patients with
severe malocclusion is shown in Figure 21-9. Note that up to
the late thirties, there is nearly a straight-line relationship
between periodontal pocketing (defined here as the presence
of pockets greater than 5 mm) and age. In contrast, the
prevalence of mucogingival problems peaks in the twenties.
The odds are that any patient over the age of 3 5 has some pe-
riodontal problems that could affect orthodontic treatment.

FIGURE 21-9

	

The prevalence of periodontal pockets greater
than 5 mm (red) and inadequate attached gingiva (black) as a func-
tion of age in patients with severe orthodontic problems who were
referred to the University of North Carolina Dentofacial Clinic for
possible surgical-orthodontic treatment. (Redrawn from Morarity
JD, Simpson DM: f Dent Res 63, Special Issue A, #1249, 1984.)

There is no contraindication to treating adults who
have periodontal disease, as long as the disease has been
brought under control. Progression of untreated periodon
tal breakdown must be anticipated, however, and the peri-
odontal situation must receive major attention in planning
and executing orthodontic treatment for all adults.

Periodontal disease is not a continuous and steadily
progressive degenerative process. Instead, it is character-
ized by episodes of acute attack on some but usually not all
areas of the mouth, followed by quiescent periods. It is ob-
viously important to identify high-risk patients and high-
risk sites. At present, persistent bleeding on probing is the
best indicator of active and presumably progressive dis-
ease. 8 New diagnostic procedures to evaluate subgingival
plaque and crevicular fluids for the presence of indicator
bacteria, enzymes, or other chemical mediators show
promise and are likely to be clinically useful in the near fu-
ture. 9 There appear to be at least three risk groups in the
population: those with rapid progression (about 10%),
those with moderate progression (the great majority, about
80%), and those with no progression despite the presence
of gingival inflammation (about 10%). 1°

Minimal Periodontal Involvement
Hygiene Status.

	

Any patient undergoing orthodon-
tic treatment must take extra care to clean the teeth, but
this is even more important in adult orthodontics. Bacter
ial plaque is the main etiologic factor in periodontal break-
down, and plaque-induced gingivitis is the first step in the
disease process. Orthodontic appliances simultaneously
make maintenance of oral hygiene more difficult and more
important. In children and adolescents, even if gingivitis
develops in response to the presence of orthodontic appli-
ances, it almost never extends into periodontitis. This can-
not be taken for granted in adults, no matter how good
their initial periodontal condition. )t
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The difficult area for orthodontic patients to clean is
the area of each tooth between the brackets and the gingi-
val margin. Because of the greater length of the clinical
crown in adults, however, it is at least easier for adult pa-
tients to approach these areas. Hygiene aids such as rubber
interdental stimulators and proximal brushes to reach be-
tween teeth are often needed. There is some evidence that
careful use of modern powered brushes is helpful (but none
that one type of powered brush is superior, or that a pow-
ered brush is necessary).

Attached Gingiva.

	

The periodontal evaluation of a
potential adult orthodontic patient must include not only
the response to periodontal probing but also the level and
condition of the attached gingiva. Labial movement of in-
cisors in some patients can be followed by gingival reces-
sion and loss of attachment. The risk is greatest when ir-
regular teeth are aligned by expanding the dental arch.

The present concept is that gingival recession occurs
secondarily to an alveolar bone dehiscence, if overlying tis-
sues are stressed. The stress can be due to any of several
causes. Major possibilities are toothbrush trauma, plaque-
induced inflammation, or the stretching and thinning of
the gingiva that might be created by labial tooth move-
ment. Once recession begins, it can progress rapidly, espe-
cially if there is little or no keratinized attached gingiva and
the attachment is only alveolar mucosa.

It was once thought that the width of the gingival at-
tachment determined whether recession occurred. Not all
keratinized gingiva is attached. The width of the attached
tissue can be observed most readily by inserting a peri-
odontal probe and observing the distance between the
point at which the gingival attachment is encountered
and the point at which the alveolar mucosa begins (Figure
21-10). Recent animal experiments suggest that the thick-
ness of the gingival attachment, rather than its surface

qualities (keratinized or mucosal), may be the major factor
in whether recession occurs. 12 Lower incisors in patients
with mandibular prognathism are at particular risk of re-
cession, and thin gingival tissue probably is the reason.

For adult orthodontic patients, it is much better to pre-
vent gingival recession than to try to correct it later. The
protective effect of a gingival graft may be due more to the
greater gingival thickness than a wider zone of attached tis-
sue. Nevertheless, a gingival graft (Figure 21-I1) must be
considered in many patients, particularly those for whom
arch expansion will be used to align incisors and those who
will have surgical mandibular advancement or genioplasty
(see Chapter 22).

Moderate Periodontal Involvement
Disease Control. Before orthodontic treatment is

attempted for patients who have preexisting periodontal
problems, dental and periodontal disease must be brought
under control. Unless a patient can maintain periodontal
health after initial therapy, orthodontic treatment is poten-
tially damaging rather than beneficial. A period of observa-
tion following preliminary periodontal treatment, to make
sure that the patient is adequately controlled and to allow
healing after the periodontal therapy, should precede com-
prehensive orthodontics.

Preliminary periodontal therapy can include all aspects
of periodontal treatment except osseous surgery. It is im-
portant to remove all calculus and other irritants from pe
riodontal pockets before any tooth movement is attempted,
and it is often wise to use surgical flaps to expose these ar-
eas to ensure the best possible scaling. Treatment proce-
dures to facilitate the patient's long-term maintenance, like
osseous recontouring or repositioned flaps to compensate
for areas of gingival recession, are best deferred until the
final occlusal relationships have been established.

FIGURE 21-10

	

The amount of attached gingiva is the keratinized tissue between the depth
of periodontal probing and the beginning of alveolar mucosa. A, In this young and healthy pa-
tient, 2 to 3 mm of attached gingiva are apparent; B, in this older patient with gingival recession
over the canine, the probe penetrates to the mucosal margin, indicating essentially no attached
tissue. Note also the thinness of the tissue where recession has occurred over the canine. Before
orthodontic treatment, stabilization and thickening of the gingival tissue over a tooth like this,
using a gingival graft, would be necessary.
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Disease control also requires endodontic treatment of
any pulpally involved teeth. There is no contraindication to
the orthodontic movement of an endodontically treated
tooth, so root canal therapy before orthodontics will cause
no problems (Figure 21-12). Attempting to move a pulpally
involved tooth, however, is likely to cause a flare-up of the
periapical condition.

The general guideline for preliminary restorative
treatment is that temporary restorations should be placed
to control caries, with the definitive restorative dentistry
delayed until after the orthodontic phase of treatment.
Temporary restoration, however, should not be taken to
mean the use of a cement that will last only a few months.

Short-lived temporaries of this type are incompatible with
orthodontic treatment. Composite resin is now the pre-
ferred temporary restorative material while orthodontics is
being carried out. Cast restorations should be delayed un-
til after the final occlusal relationships have been estab-
lished by orthodontic treatment.

Periodontal Maintenance.

	

Because the margins of
bands can make periodontal maintenance more difficult,
it usually is better to use a fully bonded orthodontic
appliance for periodontally involved adults. Steel liga-
tures or self-ligating brackets also are preferred for peri-
odontally involved patients rather than elastomeric rings
to retain orthodontic archwires, because patients with

FIGURE 21-11

	

In adults who will have comprehensive orthodontic treatment, gingival graft-
ing to create adequate quantity and thickness of attached gingiva is important before beginning
orthodontic tooth movement. A, Lack of attached gingiva and thin gingival tissue in the
mandibular anterior region in a patient whose lower incisors must be advanced to align them.
Note the alveolar mucosa extending almost to the gingival margin on all anterior teeth; B, sur-
gical preparation of a bed for grafting; C, grafts sutured in place; D, healing 10 days later, show-
ing incorporation of the grafts; E, orthodontic alignment nearly completed 5 months later, with
the gingival grafts creating both a thicker contour of the gingival tissue and a generous band of
attachment. (Courtesy Dr. J. Morarity.)
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FIGURE 21-12

	

Any necessary endodontic treatment should precede orthodontic tooth
movement. A, Periapical lesion around two nonvital mandibular incisors; B, apicoectomy
and retrograde apical seal in connection with endodontic treatment of these teeth;
C, cephalometric radiograph during orthodontic treatment. In this patient, the lower
incisors were successfully intruded despite the previous endodontic treatment.

elastomeric rings have higher levels of microorganisms in
gingival plaque. 1 3

During comprehensive orthodontics, a patient with
moderate periodontal problems must be on a mainte-
nance schedule, with the frequency of cleaning and scal
ing depending on the severity of the periodontal disease.
Periodontal maintenance therapy at 2- to 4-month inter-
vals is the usual plan. For periodontally involved patients,
better hygiene control has been demonstrated with the
use of electric toothbrushes, 14 and adjunctive chemical
agents (including chlorhexidine if needed) also should be
considered.

Severe Periodontal Involvement
The general approach to treatment for patients with se-
vere periodontal involvement is the same as that outlined
earlier, but the treatment itself must be modified in two
ways: (1) periodontal maintenance should be scheduled at
more frequent intervals, with the patient being seen as fre-
quently for periodontal maintenance as for orthodontic
appliance adjustments in many instances (i.e., every 4 to 6

weeks); and (2) orthodontic treatment goals and mechan-
ics must be modified to keep orthodontic forces to an ab-
solute minimum, because the reduced area of the peri-
odontal ligament (PDL) after significant bone loss means
higher pressure in the PDL from any force (Figure 21-13).
Sometimes it is helpful to temporarily retain a tooth that
is hopelessly involved periodontally, using it to help
support an orthodontic appliance that will contribute to
saving other teeth. 1 5

Modifications in treatment mechanics are discussed at
the end of this chapter.

Orthodontic-Prosthodontic-Implant
Interactions
Adults presenting for comprehensive orthodontic treat-
ment often have dental problems that require restorative
as well as orthodontic treatment. Such problems include
loss of tooth structure from wear and abrasion or trauma,
gingival esthetic problems, and missing teeth that require
replacement with either conventional prosthodontics or
implants.



CHAPTER 21

	

Special Considerations in Comprehensive Treatment ofAdults

	

659

Pressure = X

	

Pressure = 2x

	

Pressure = X
Moments balanced

	

Moments not balanced

	

Moments balanced

FIGURE 21-13

	

Bone loss around a tooth that is to be moved
affects both the force and the moment needed. A, For optimum
bodily movement of a premolar whose center of resistance is
10 mm apical to the bracket, a 100 gm force and a 1000 gm-mm
moment is needed. B, The same force system would be inappro-
priate for an identical premolar whose bone support had been
reduced by periodontal disease so that the PDL area is half as
large as it was originally, and so that the center of resistance is now
15 mm apical to the bracket. For such a tooth, the 100 gm force
would produce twice the optimum pressure in the PDL, and the
moment would not be large enough to prevent tipping. C, The
correct force system for the periodontally involved tooth would
be a 50 gm force and a 15 X 50 = 750 gm-mm moment. Ortho-
dontic movement of periodontally involved teeth can be done
only with careful attention to forces (smaller than normal) and
moments (larger than normal).

FIGURE 21-14

	

For this man with very small teeth and con-
cern about a lack of dental prominence, orthodontic treatment
was used to create consistent spaces between the maxillary in-
cisors so that porcelain veneers could be placed to bring the teeth
to normal size.

Problems Related to Loss of Tooth Structure.
The positioning of damaged, worn or abraded teeth during
comprehensive orthodontics must be done with the even
tual restorative plan in mind. Early consultation with the
restorative dentist obviously becomes important. There are
three particularly important considerations in deciding
where the orthodontist should position teeth that are to be
restored: the total amount of space that should be created,
the mesio-distal positioning of the tooth within the space,
and the bucco-lingual positioning. 1 6

When tooth structure has been lost gingivally from the
normal contact point, the tooth becomes abnormally nar-
row, and restoration of the lost crown width as well as
height is important. The orthodontic positioning obvi-
ously should provide adequate space for the appropriate ad-
dition of the restorative material. The ideal position may or
may not be in the center of the space mesio-distally-this
would depend on whether the most esthetic restoration
would be produced by symmetric addition on each side of
the tooth, or whether a larger build-up on one side would
be better. Similarly, the ideal bucco-lingual position of a
worn or damaged tooth would be influenced by how the
restoration was planned. If a crown or composite build-ups
are planned, the tooth should be in the center of the dental
arch. But if a facial veneer is to be used (Figure 21-14), the
orthodontist should place the tooth more lingually than
otherwise would be the case, to allow for the thickness of
the veneer on the facial surface. Finally, better restorations
can be done if the orthodontist provides slightly more
space than is required, so there is room for the restorative

dentist to finish and polish proximal surfaces. The slight
excess space can then be closed with a retainer.

If only a small amount of tooth structure has been lost,
as for instance if the incisal edge of one incisor has been
fractured, it may be possible to smooth the fractured area
and elongate the damaged tooth so that the incisal edges
line up. The result, however, will be uneven gingival mar-
gins-which means that elongation of a fractured tooth
must be done with caution, and with consideration of the
extent to which the gingival margins are exposed when the
patient smiles. Before acceptably esthetic composite resin
build-ups of anterior teeth were available, orthodontic
elongation of fractured teeth was a more acceptable treat-
ment approach than it is at present. Now, more than 1-2
mm of elongation rarely is a good plan unless the patient
never exposes the gingiva.

Gingival Esthetic Problems.

	

Gingival esthetic prob-
lems fall into two categories: those created by excessive
and/or uneven display of gingiva and those created by gin-
gival recession after periodontal bone loss.

The importance of maintaining a reasonably even gin-
gival margin in the maxillary incisor area, especially when
patients show the gingiva when they smile (as most do), was
discussed earlier in the context of whether to elongate a
tooth to compensate for a fractured incisal edge. This can
be an important consideration when one lateral incisor is
missing-substituting a canine on one side almost always
results in uneven gingival margins, even if the crown of the
substituted canine is recontoured. If several teeth have
been worn or fractured, elongating them can create an
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FIGURE 21-15

	

Bone loss and the associated gingival recession create "black holes" (u -rows)
between the anterior teeth, which can become a major esthetic problem, as they were for this
35-year-old woman. Regeneration of the interdental papillae is impossible, and periodontal
surgery to create tissue tends to be unsuccessful. Space closure after reduction of interproximal
enamel moves the contact points more gingivally and decreases the interdental space, improving
the dental esthetics.

unesthetic "gummy smile" even if the gingival margins are
kept at the same level across all the teeth. In that circum-
stance, it would be better to intrude the incisors to obtain a
proper gingival exposure, and then restore the lost crown
height. Dental esthetics is not just the teeth-the gingiva
play an important role as well.

A particularly distressing problem is created by gingi-
val recession after periodontal bone loss, which creates
"black holes" between the maxillary incisor teeth (Figure
21-15). Even if periodontal therapy succeeds in obtaining
some regeneration of the lost bony support, there is no
way to regenerate the missing soft tissue. One approach to
this problem is to remove some interproximal enamel so
that the incisors can be brought closer together. This
moves the contact points more gingivally, minimizing the
open space between the teeth. The more bulbous the
crowns were initially, the more successful this approach
can be.

Missing Teeth: Space Closure vs. Prosthetic Re-
placement.

Old Extraction Sites.

	

In adults, closing an old ex-
traction site is likely to be difficult. The problem arises be-
cause of resorption and remodeling of alveolar bone. After
several years, resorption results in a decrease in the verti-
cal height of the bone, but more importantly, remodeling
produces a buccolingual narrowing of the alveolar process
as well (see Figure 20-8). When this has happened, closing
the extraction space requires a reshaping of the cortical
bone that comprises the buccal and lingual plates of the
alveolar process. Cortical bone will respond to orthodon-
tic force in most instances, but the response is significantly
slower.

An old first molar or second premolar extraction site
often poses a particular problem, because mesial drift of the
posterior teeth has partially closed it as their crowns tipped
mesially. In adjunctive treatment, a mesially tipped second
molar usually is uprighted by tipping it distally, and then a
bridge is placed (see Chapter 20). If comprehensive treat-
ment is planned, should the space be closed by bringing the

first molar mesially? Mesial root movement is technically
much more difficult than distal tipping, but the larger
problem is that cortical bone remodeling usually is re-
quired to close the space because of atrophy after the old
extraction. Such spaces are difficult to close completely and
keep closed. 1 7 The involvement of cortical bone tends to
produce a reciprocal space closure, no matter what the ap-
parent anchorage situation is, which means that in the clo-
sure of an old extraction site, anterior teeth may be re-
tracted more than anticipated or desired.

If it is desired to move lower molars forward into an
old first molar or second premolar extraction site, a tem-
porary implant in the ramus can be used to provide the
necessary anchorage and avoid retracting the lower ante-
rior teeth. This technique, pioneered by Roberts, I S offers
a level of control that cannot be obtained in any other way
(Figure 21-16). With an appropriate implant, similar
treatment could be done in the maxillary arch. Improve-
ments in temporary implants for orthodontic purposes are
occurring at a rapid rate. 1 `' It is likely that implants for or-
thodontic anchorage will come into widespread use in the
near future, especially in orthodontics for adults. Never-
theless, it may be better judgment to open a partially
closed old extraction site with simple orthodontic treat-
ment (as described in Chapter 20) and replace the missing
tooth with a bridge or implant, rather than plan extensive
orthodontics as an alternative. This decision should be
considered carefully in consultation between the ortho-
dontist and prosthodontist.

Tooth Loss Due to Periodontal Disease.

	

A space clo-
sure problem is also posed by the loss of a tooth to peri-
odontal disease. As a general rule, it is unwise to move a
tooth into an area where bone has been destroyed by peri-
odontal disease, because of the risk that normal bone for-
mation will not occur as the tooth moves into the defect. It
is better to move teeth away from such an area, in prepara-
tion for prosthetic replacement.

However, there is an exception. First molars and in-
cisors are lost in some adolescents and young adults to ju-
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FIGURE 21-16

	

A, Drawing and, B-D, panoramic radiographs showing the use of an implant for
retromolar anchorage. Note that a wire extending forward from the implant stabilizes the premolar and
through it, the anterior teeth, so that they are not pulled posteriorly in reaction to anterior movement
of the second and third molars. (From Roberts WE: Dental implant anchorage. In Epker B, Stella JP,
Fish LC (editors): Dentofacial deformities: integrated orthodontic and surgical management, vol IV,
ed 2, St Louis, Mosby, 1999.)

venile periodontitis, which differentially attacks these teeth
and is characterized by the presence of a specific microbe,
Actinobacillus actinomycetemcomitans. Once the disease pro-
cess has been brought under control, which now typically
involves antibiotic therapy, the causative agent seems to
disappear. 20 Although bone around the first molars is often
totally destroyed, neither the second molar nor the second
premolar is significantly affected in most patients (Figure
21-17). Orthodontic closure of the incisor spaces is rarely
feasible, but in these adolescent or young adult patients, it
often is possible to orthodontically close the first molar ex-
traction sites, bringing the second permanent molar for-
ward into the area where the first molar was lost, without
having to resort to implants for additional anchorage (Fig-
ure 21-18). The second molar brings its own investing
bone with it, and the large bony defect disappears.

This favorable response is attributed to some combi-
nation of three factors: the relatively young age of the ju-
venile periodontitis patients, the fact that the original at
tack was almost entirely on the first molars, and the
disappearance of the specific bacterial flora. In an older
patient who has lost a tooth to periodontal disease, it is un-
likely that the other teeth have been totally spared or that
the bacterial flora have changed, and it would not be good
judgment to attempt to close the space.

Comprehensive Orthodontics in Patients Planned for
Implants.

	

If the decision for an individual patient is to re-

place missing teeth rather than close spaces, the second im-
portant question is how this is to be done. The success of
implants has rapidly made them a preferred way to replace
missing teeth. For the orthodontist, the implant vs. bridge
decision makes a difference in how the teeth are positioned
and in the sequencing of treatment. Major concerns when
implants are to be placed are adequate bone in the edentu-
lous area to support the implant, especially when the im-
plant is to replace a congenitally missing tooth, and for sin-
gle-tooth implants, adequate space between the roots as
well as the crowns of the adjacent teeth.

A successful implant requires adequate bone to sup-
port it. If there is no tooth to erupt into an area of the
dental arch, little or no alveolar bone ever forms. The re
sult is a large defect in the alveolar process that can make
implant placement almost impossible. Alveolar bone will
form in a 2-4 mm area adjacent to an erupting tooth. For
this reason, when an implant is planned as the eventual
replacement for a missing maxillary lateral incisor or
mandibular second premolar (the most frequent congen-
itally missing teeth), it is important for a tooth to erupt in
the eventual implant area. The primary tooth in the area
should be maintained as long as it continues to erupt in
concert with growth. Primary teeth, like permanent teeth,
bring alveolar bone along with them. If the primary tooth
becomes ankylosed or is lost, it then becomes important to
try to get the maxillary canine or mandibular first premolar
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FIGURE 21-17

	

Pre-treatment records of a girl with juvenile periodontitis. A to C, Dental casts
after the periodontitis had been brought under control, which required extraction of all first molars,
the mandibular incisors, and one maxillary incisor. D, Periapical radiographs at the time of initial
periodontal treatment; E, periapical radiographs at the beginning of orthodontic treatment.

to erupt into the edentulous area, with space mesial and
distal to it in which bone formation will be stimulated
(Figure 21-19). The orthodontic plan would be to open
the edentulous space and position the adjacent teeth after
the permanent tooth had erupted and to place an implant
to support a prosthetic crown after vertical growth is es-
sentially completed.

If an alveolar ridge is created by allowing a permanent
tooth to erupt into the area and then opening the space, the

orthodontic treatment is likely to be completed at age 14 or
15. Particularly in males, vertical growth is likely to con-
tinue into the late teens, so that it is unwise to place the im-
plant for another four or five years after the orthodontic
treatment is completed. Implants can be placed sooner in
girls, but rarely before age 16 or 17. Fortunately, research
shows that an alveolar ridge created by this type of tooth
movement does not atrophy nearly as rapidly as it does in
the area where a tooth has recently been extracted. The
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FIGURE 21-18

	

Orthodontic treatment (patient in Figure 21-17). A, Panoramic radiograph at the
completion of orthodontic treatment. During treatment, a replacement maxillary central incisor was tied
to the archwire. Replacement mandibular incisors were attached to a heavy lingual wire from canine to
canine, which is still in place; B, at the completion of space closure, pocket depths are normal at the first
molar extraction site; C to E, dental casts at the completion of orthodontic treatment.
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FIGURE 21-19

	

When a mandibular second premolar is congenitally missing and the primary
second molar is lost, it is desirable for the first premolar to erupt distally into the space, to stim-
ulate the formation of alveolar bone in the area so that eventually an implant can be placed.
A, For this patient the first premolar drifted distally after the second primary molar was lost.
B, Comprehensive orthodontic treatment repositioned the teeth and created space for an
implant, and, C and D, a fixed retainer was used to maintain the space until vertical growth was
completed in the late teens. E, At age 17 an implant was placed, with the space still maintained
by the fixed retainer until the implant was integrated and ready for prosthodontic use; and
F, a restoration was placed on the implant. (Courtesy Dr. V Kokich.)

ridge created by tooth movement tends to remain satisfac-
tory for implant placement for several years. 22

Positioning adjacent teeth for a single-tooth implant
can be tricky, particularly in the replacement of missing
maxillary lateral incisors, because of the small area for im
plant placement. The orthodontist must provide enough
space for placement of a successful implant and must be
careful to position the roots of the adjacent teeth so that
there is enough room between the roots at the base of the
implant (Figure 21-20). Often it is helpful to open slightly
more space than will eventually be left for the crown that is
placed on the implant, to facilitate the implant surgery, and
then to close the extra millimeter or so of space after the
implant is in position.

In older patients with long-standing tooth loss, bone
grafts in the area of future implants often will be required
(Figure 21-21). Usually it is advantageous to go ahead with
the placement of grafts in areas that will receive implants,
while orthodontic treatment is being carried out in other
areas of the mouth. The goal should be to have the patient
ready for definitive prosthodontic treatment as soon as
possible after the orthodontic appliances are removed,
rather than having a considerable delay while both grafts
and implants are done. The prosthetic replacements,
whether implants or bridges, are an essential part of the
orthodontic retention. A rational orthodontic retention
plan is much easier to put together after the prosthodon-
tic treatment is completed, than when the prosthodontics
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FIGURE 21-20

	

For replacement of congenitally missing lateral incisors with single-tooth
implants, it is particularly important for a permanent tooth to erupt into the lateral incisor area,
to stimulate the formation of alveolar bone in that area. A, Often this happens spontaneously, as
in this patient. B, Orthodontic preparation for the implant consists of moving the central incisor
mesially and the canine distally, opening the lateral incisor space. C, Bone that has formed in such
an area does not resorb nearly as rapidly as it would in an extraction site, so the patient can wear
a retainer with a temporary replacement tooth for several years after orthodontics is completed.
An implant should not be placed until vertical growth is completed, in the late teens. D, At that
point an implant can be placed, E, uncovered after a period for integration, and, F, a crown placed
as the definitive restoration. (Courtesy Dr. V Kokich.)

must be coordinated with orthodontic retainers over a pe-
riod of many months.

After the grafts have matured to the point that im-
plants can be inserted, it may be possible to do the im-
plant surgery too before all orthodontics is finished.
Usually, however, orthodontic brackets interfere with
placement of the stent that is needed for positioning of
the implants at the time of surgery, and it is likely that
the orthodontic appliances will be removed before im-
plant surgery in many cases. It is the long delay caused by
graft healing and maturation before implants can be
placed that is the major problem in orthodontic reten-
tion. Almost always, a fixed orthodontic retainer (prefer-

ably bonded on the facial surface to keep it out of the way
of the implant surgery) is the best choice to maintain a
space in the posterior part of the mandibular arch during
implant surgery and incorporation. Supplying a pros-
thetic replacement tooth as part of the retainer is not im-
portant in this area. In the maxillary arch, a prosthetic
tooth usually is required for esthetics. Supplying this on
an orthodontic retainer can be quite satisfactory, but care
must be taken to avoid contact of the retainer base with
a healing area after implant surgery. Patients often pre-
fer a temporary resin-bonded bridge, which must be
made so that it can be removed for implant surgery and
reinserted easily.
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FIGURE 21-21

	

A, For this patient with a missing lateral incisor, B, there was almost no space be-
tween the roots of the central incisor and canine and, C and D, bodily movement was necessary to ob-
tain the space needed for a successful implant (E and F) and crown (G). Often as much root as crown
movement is required in preparation for implants. (Courtesy Dr. V Kokich.)

A damaged and ankylosed maxillary incisor in a teen-
ager poses a special problem when eventual replacement
with an implant is planned. The ankylosed tooth interferes
with orthodontic treatment to align the other teeth and can
become quite unsightly, but alveolar atrophy will occur if the
tooth is extracted before vertical growth is completed and
the implant can be placed. In this situation, the alveolar bone
can be "banked" by removing the crown of the offending

tooth but retaining the root with calcium hydroxide filling
the pulp chamber (Figure 21-22). When this is done, the
root resorbs over the next 3 to 5 years but bone is retained
in the area, and there is a better chance of successful implant
placement without a bone graft. Meanwhile, the orthodon-
tic treatment can be completed with a pontic tied to an arch-
wire, and then a temporary resin-bonded bridge until verti-
cal growth is completed and it is safe to place the implant.



FIGURE 21-22

	

A-C, This young man's maxillary left central incisor was fractured in an accident and
became ankylosed, making alignment of the other maxillary incisors and comprehensive orthodontic
treatment impossible. D and E, After initial alignment of the maxillary arch, the crown of the ankylosed
central incisor was cut off, the root canal was filled with calcium hydroxide, and the gingiva was sutured
over the residual root. A pontic was tied to the archwire, with orthodontic force to close the excess space
i n the area. F and G, Three months later, with the excess space closed, gingivoplasty was done in the af-
fected area, and comprehensive orthodontics was completed during the next year. H and 1, At the con-
clusion of treatment a retainer with a replacement tooth was made, to be worn until an implant could be
placed at about age 19, after completion of vertical growth. Resorption of the endodontically-treated root
fragment would be expected over the next 2 to 3 years, but resorption of alveolar bone would not occur
during that time, so the alveolar bone was effectively "banked" until the time of implant placement.
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SPECIAL ASPECTS OF ORTHODONTIC
APPLIANCE THERAPY

Both the goals and the stages of comprehensive ortho-
dontic treatment for adults are the same as those in the
treatment of adolescents (see Chapters 16 through 18).
The orthodontic mechanotherapy, however, often must be
modified. Because of the lack of growth, particularly the
small amounts of vertical growth that allow some extrusion
of the posterior teeth in adolescents without leading to
mandibular rotation, intrusion often is required in the lev-
eling of both arches. If the patient has lost some periodon-
tal support, it is especially important to keep forces light. It
must be kept in mind that the biologic response is deter-
mined by pressure in the PDL, not by force against the
tooth (see Figure 21-13). Orthodontic space closure may
be contraindicated if teeth have been lost because of peri-
odontal disease, and previous treatment of TNID problems
can be a factor in later orthodontic treatment. In adults, an
important treatment planning criterion is the extent to
which a jaw discrepancy can be camouflaged successfully
rather than requiring surgical correction (see Chapters 8
and 22). In the following discussion, it is assumed that an
appropriate and feasible treatment plan has been prepared.

Applications of Segmented Arch Technique
The principles of segmented arch treatment have been
discussed in Chapter 10, and more specific indications for
leveling and space closure are presented in Chapters 16 and
17. The basic idea in segmented arch treatment is to create
a stable anchor unit, consisting of several teeth rigidly con-
nected to create the functional equivalent of a single large
multi-rooted anchor tooth, and to use this anchorage to pro-
vide precisely controlled force against the teeth whose
movement is desired. In addition to its use for intrusion, the
segmented arch approach also can be helpful in controlling
the magnitude of force in space closure. This is even more
i mportant in periodontally involved patients than in those
with an intact periodontium, because the PDL area over
which the force is distributed is smaller (Figure 21-23).

Growth is important in normal orthodontic treatment
even for patients who have Class I problems and excellent
jaw relationships, because most mechanotherapy has an
extrusive component and tends to elongate the teeth. In
young patients, the choice between intrusion or extrusion
to correct a deep overbite and level an excessive curve of
Spec often can be resolved in favor of extrusion, because
vertical growth will compensate for it. In adults, the choice
often must be intrusion, which can be achieved only by
segmented arch mechanics. The practical effect is to make
segmented arch treatment more important in adults than
it is in younger patients.

Intrusion.

	

The mechanotherapy needed to produce
intrusion in an adult is not different from the methods for
younger patients described in some detail in Chapters 10
and 16. In per] odontally involved adults, anchorage is likely
to be compromised, and careful stabilization of anchor

units is especially important. For practical purposes, this is
likely to mean greater use of soldered lingual arches for
anchorage in adults (see Figure 21-23). Burstone-type de-
pressing arches or (less commonly) Ricketts utility arches,
both using a long span from the stabilized posterior seg-
ments to the anterior area where intrusion is desired, nor-
mally are selected for adults. The use of extremely light
force is important, since excessive force will lead to poste-
rior extrusion rather than the desired anterior intrusion.
The point at which the intrusion arch attaches to the ante-
rior segment is important, because it influences the extent
to which the anterior segment tips buccally or lingually as
intrusion occurs (see Chapter 10).

One potential problem with intrusive tooth movement
in periodontally involved adults is the prospect that a deep-
ening of periodontal pockets might be produced by this
treatment. Ideally, of course, intruding a tooth would lead
to a reattachment of the periodontal fibers, but there is no
basis for expecting true reattachment in response to ortho-
dontic treatment. What seems to happen instead is the for-
mation of a tight epithelial cuff, so that the position of the
gingiva relative to the crown improves clinically, while pe-
riodontal probing depths do not increase. Histologic slides
from experimental animals show a relative invagination of
the epithelium, but with a tight area of contact that cannot
be probed (Figure 21-24). It can be argued that this leaves
the patient at risk for rapid periodontal breakdown if in-
flammation is allowed to recur. Certainly intrusion should
never be attempted without excellent control of inflamma-
tion. On the other hand, if good hygiene is maintained,
clinical experience has shown that it is possible to maintain
teeth that have been treated in this way, and both dental
esthetics and function improve after the intrusion. 2 3

The crown-root ratio is a significant factor in the long-
term prognosis for a tooth that has suffered periodontal
bone loss. Shortening the crown has the virtue of improv
i ng the crown-root ratio. The orthodontist should not hes-
itate to reduce crown height of elongated incisors (espe-
cially lower incisors) as an alternative to intrusion, when
this would both simplify orthodontic leveling of the arch
and improve the periodontal prognosis.

Space Closure
In contrast to leveling of vertical arch discrepancies, contin-
uous arch treatment can be used with adults to correct an-
teroposterior discrepancies, but segmented arch treatment
does have special advantages. The same comments apply to
space closure in adults as to adolescents (see Chapter 17),
with two exceptions:

1. It is unrealistic to expect an adult to wear a headgear
on the nearly continuous basis necessary to produce
efficient tooth movement, so direct extra-oral force
to slide teeth along an archwire during closure of
extraction spaces is impractical. For the same rea-
son, headgear to control anchorage is probably less
reliable than it might be in a younger patient and
other methods of anchorage control must be sought.



FIGURE 21-23

	

Orthodontic treatment in a man with advanced periodontal bone loss. A, Facial and,
B, close-up views of the anterior teeth after initial periodontal therapy. C, Occlusal view of maxillary arch
showing the bonded splint used to supplement posterior anchorage and control extrusion of the posterior
teeth while incisors were being intruded. D, Burstone auxiliary depressing arches were used in the max-
illa and mandible to intrude the incisors, while particular attention was paid to maintaining excellent hy-
giene. E, Occlusal relationships toward the end of orthodontic treatment, with a maxillary splint in place,
F, continuing to be used for maxillary incisor intrusion. G, Incisor teeth were splinted from the lingual at
the conclusion of treatment. Permanent retention is required with this degree of periodontal bone loss.
H, Close-up and, 1, facial views of the anterior teeth after treatment. (Courtesy Dr. B. Melsen.)
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FIGURE 21-24

	

A, Histologic preparation from a dog's lower first premolar that was ex-
truded and slightly tipped buccally for 12 weeks, then intruded for 16 weeks, and finally had
3 days without orthodontic force immediately before sacrifice. Oral hygiene was maintained
during the treatment. Tight epithelial cuff is seen where epithelium penetrates apically in
consequence of the intrusion (A). B, Higher magnification view of the alveolar crest area out-
lined in A. Note the formation of new bone (B) on the alveolar crest, which occurred during
extrusion, and resorption of bone from intrusion only on the PDL side of the alveolar crest
(C), without loss of alveolar crest height. (Courtesy Dr. B. Melsen.)

The most effective of these is the creation of poste-
rior stabilizing segments with lingual arches and
buccal stabilizing wires, the same setup needed for
leveling by intrusion. In addition, it may be neces-
sary to use two-step space closure with frictionless
mechanics to reduce the strain on anchorage and
keep forces as light as possible. Segmental closing
loops for retraction of the canines have inherent
problems in vertical control of the canines (see
Chapters 10 and 17), and therefore if these are used
it is particularly important to see the patient on a
regular schedule for close supervision. Fortunately,
compliance with appointments is less likely to be a
problem with adults than with many adolescents.

2. As we have discussed earlier, old extraction sites in
adults pose a mechanical and biological challenge
in orthodontic treatment. In a young patient, any
extraction site is recent and usually can be closed
without any particular problems. In an adult, clo-
sure of an extraction site many years after the tooth
is lost is neither straightforward nor predictable. It
may be good judgment not to attempt space closure
but rather to plan for prosthetic replacement of the
missing tooth.

Finishing and Retention Procedures
Orthodontic finishing with archwires does not differ sig-
nificantly in adults from the finishing procedures for
younger patients, except for those adults who have had a
combination of surgical and orthodontic treatment. This
circumstance is discussed in Chapter 22. Positioners are
rarely indicated as finishing devices for older patients, how-
ever, especially those with moderate to severe periodontal
bone loss. These patients should be brought to their final
orthodontic relationship with archwires and then stabilized
with immediately placed retainers before eventual detailing
of occlusal relationships by equilibration.

Part of the purpose of a traditional orthodontic re-
tainer is to allow each tooth to move during function, in-
dependently of its neighbors, to produce a restoration of
the normal periodontal architecture. This clearly does not
apply to patients who have had a significant degree of peri-
odontal bone loss and who have mobile teeth. In these pa-
tients, splinting of the teeth is necessary both short- and
long-term. A suckdown plastic wafer often is the best
choice immediately upon removing the orthodontic appli-
ance (Figure 21-25). Other short-term possibilities are an
occlusal splint, providing a positive indexing of the teeth
and extending buccally and lingually to maintain tooth po-
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FIGURE 21-25

	

When orthodontic appliances are removed after treatment of a periodontally-involved
adult, a splint-type retainer is needed immediately. These individuals require permanent retention, so the
usual orthodontic retention procedures based on gradual withdrawal of the retainer do not apply. Immediately
upon appliance removal, the preferred retainer usually is one made from a vacuum-formed thermoplastic ma-
terial that is tightly formed over the teeth. A and B, The retention cast on the vacuum-forming machine; C
and D, a bur is used to cut the material away from the palate so that it can be freed from the cast. E, Further
trimming can be done with scissors. Usually the material extends completely over the teeth and a few mil-
limeters onto the gingiva. Upper and lower retainers are made in exactly the same way; F, if desired, and if
only one arch needs splint-type retention, a retainer of this type can be modified as shown here by adding soft
acrylic to the vacuum-formed base, to form an occlusal splint of the same type often used for initial treatment
of patients with TMD problems. Whatever the method immediately after appliances are removed, after a few
months a more permanent splint should be made by a restorative dentist.
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sition, or a wraparound retainer as illustrated in Chapter
19. Long-term splinting usually involves cast restorations.

Special Treatment Considerations in Patients
with Temporomandibular Dysfunction
The extent to which TMD symptoms in many adults di-
minish and disappear when comprehensive orthodontic
treatment begins can be surprising and overly gratifying to
those who do not understand the etiologic process of my-
ofascial pain. Orthodontic intervention can appear almost
magical in the way that TMD symptoms disappear long be-
fore the occlusal relationships have been corrected. The ex-
planation is simple-orthodontic treatment makes the
teeth sore, grinding or clenching sensitive teeth as a means
of handling stress does not produce the same subconscious
gratification as previously, the parafunctional activity stops,
and the symptoms vanish. The changing occlusal relation-
ships also contribute to breaking up the habit patterns that
contributed to the muscle fatigue and pain. No matter what
the type of orthodontic treatment, symptoms are unlikely

to be present while movement of a significant number of
teeth is occurring, as long as treatment that produces
strongly deflective contracts is avoided. Prolonged use of
Class II or Class III elastics may not be well tolerated in
adults who have had TMD problems and should be avoided
(for that matter, prolonged use of elastics should be avoided
in most other adult patients as well).

The moment of truth for TMD symptoms comes
some time after orthodontic treatment is completed, when
the clenching and grinding that originally caused the prob
lem tend to recur. At that point, even if the occlusal rela-
tionships have been significantly improved, it may be im-
possible to keep the patient from moving into extreme jaw
positions and engaging in parafunctional activity that pro-
duces pain. The use of interocclusal splints in this situation
may be the only way to keep symptoms from recurring. In
short, the miraculous cure that orthodontic treatment
often provides for myofascial pain tends to disappear with
the appliance. Those who have had symptoms in the past
are always at risk of having them recur.

FIGURE 21-26

	

Occlusal relationships in a 16-year-old girl who had worn a splint covering
only the posterior teeth for the previous 8 months. The posterior open bite was created by a
combination of intrusion of the posterior teeth and further eruption of the anteriors. Discarding
the splint had become impossible.

FIGURE 21-27

	

Cephalometric films for the patient shown in Figure 21-26. A, Before and,
B, after orthodontic treatment to extrude the posterior teeth back into occlusion.
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Occasionally, orthodontic treatment is made more
complicated by previous splint therapy for TMD prob-
lems. If an occlusal splint for TMD symptoms covers the
posterior but not the anterior teeth, the anterior teeth that
have been taken out of occlusion begin to erupt again and
may come back into occlusion even though the posterior
teeth are still separated (Figure 21-26). Clinically, it may
appear that the posterior teeth are being intruded, but in-
cisor eruption usually is a greater contributor to the devel-
opment of posterior open bite. In only a few months, the
patient may end up in a situation in which discarding the
splint has become impossible. The only treatment possibil-
ities are elongation of the posterior teeth, either with
crowns or orthodontic extrusion, or intrusion of the ante-
rior teeth.

Orthodontic intervention at this stage is difficult, be-
cause TMD symptoms are likely to develop immediately if
the splint is removed, and it is not possible to elongate the
posterior teeth orthodontically without discarding or cut-
ting down the splint. Placing orthodontic attachments on
the posterior teeth and using light vertical elastics to the
posterior segments (Figure 21-27) can be used to bring the
posterior teeth back into occlusion, if the patient can toler-
ate this treatment. Some reintrusion of the elongated ante-
rior teeth is likely to occur, but a significant increase in face
height is often maintained. Although permanently increas-
ing the vertical dimension to control disk displacement can
be accomplished in this way, this treatment plan should be
used with extreme caution.
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I ndications for surgery

Development of orthognathic surgery
Severity as an indication for orthognathic surgery: the

envelope of discrepancy
Esthetic and psychosocial considerations
Psychological reactions to orthognathic surgery

Surgical procedures and treatment possibilities
Correction of anteroposterior relationships
Correction of vertical relationships
Correction of transverse relationships
Genioplasty in orthognathic treatment
I ntegration of orthognathic and other facial surgery

Timing and sequencing of surgical treatment
Early vs. later surgery
Treatment sequencing

I ntegration of surgical and orthodontic treatment
I nteractive treatment planning
Pre-surgical orthodontics

Patient management at surgery
Surgical management
Post-surgical orthodontics

Post-surgical stability and clinical success

For patients whose orthodontic problems are so severe
that neither growth modification nor camouflage offers a
solution, surgical realignment of the jaws or repositioning
of dentoalveolar segments is the only possible treatment.
Surgery is not a substitute for orthodontics in these pa-
tients. Instead, it must be properly coordinated with ortho-
dontics and other dental treatment to achieve good overall
results. Dramatic progress in recent years has made it pos-
sible for combined treatment to correct many severe prob-
lems that simply were untreatable only a few years ago.

I NDICATIONS FOR SURGERY

Development of Orthognathic Surgery
Surgical treatment for mandibular prognathism began
early in the twentieth century. Edward Angle, comment-
ing on a patient who had treatment of this type, described
how the result could have been improved if orthodontic
appliances and occlusal splints had been used.' Although
there was gradual progress in techniques for setting back
a prominent mandible throughout the first half of this
century, Trauner and Obwegeser's introduction of the
sagittal split ramus osteotomy in 1959 marked the begin-
ning of the modern era in orthognathic surgery' This
technique used an intra-oral approach, which avoided
the necessity of a potentially disfiguring skin incision. The
sagittal split design also offered a biologically sound method
for lengthening or shortening the lower jaw with the same
bone cuts, thus allowing treatment of mandibular defi-
ciency or excess (Figure 22-1). During the 1960s, Ameri-
can surgeons began to use and modify techniques for max-
illary surgery that had been developed in Europe, and a
decade of rapid progress in maxillary surgery culminated
in the development by Bell3 and Epker and Wolford4 of
the LeFort I downfracture technique that allowed reposi-
tioning of the maxilla in all three planes of space (Figure
22-2). By the 1980s, progress in oral and maxillofacial
surgery made it possible to reposition either or both jaws,
to move the chin in all three planes of space, and to repo-
sition dentoalveolar segments surgically as desired. In the
1990s, rigid internal fixation greatly improved patient
comfort by making immobilization of the jaws unneces-
sary, and a better understanding of typical patterns of post-
surgical changes made surgical outcomes more stable and
predictable. Combined surgical-orthodontic treatment
can now be planned for patients with a severe dentofacial
problem of any type.
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FIGURE 22-1

	

The sagittal split osteotomy procedure can be used to set back or advance the
mandible, as shown on the left and right respectively.

Severity as an Indication for Orthognathic
Surgery: The Envelope of Discrepancy
The indication for surgery obviously is a problem too se-

vere for orthodontics alone. It is possible now to be at least

semi-quantitative about the limits of orthodontic treat-

ment, in the context of producing normal occlusion. As the

diagrams of the "envelope of discrepancy" (Figure 22-3) in-

dicate, the limits vary both by the tooth movement that

would be needed (teeth can be moved further in some di-

rections than others) and by the patient's age (the limits for

tooth movement change little if any with age, but growth

modification is possible only while active growth is occur-
ring). Because growth modification in children enables

greater changes than are possible by tooth movement alone

in adults, some conditions that could have been treated

with orthodontics alone in children (e.g., a centimeter of

overjet) become surgical problems in adults. On the other

hand, some conditions that initially might look less severe

(e.g., 5 mm of reverse overjet), can be seen even at an early
age to require surgery.

Keep in mind that the envelope of discrepancy outlines

the limits of hard tissue change toward ideal occlusion, if

other limits due to the major goals of treatment do not ap

ply. In fact, soft tissue limitations not reflected in the enve-

lope of discrepancy often are a major factor in the decision

for orthodontic or surgical-orthodontic treatments Measur-

ing millimeter distances to the ideal condylar position for

normal function is problematic, and measuring distances

from ideal esthetics is impossible. Diagnostic and treatment

planning guidelines for these soft tissue parameters are dis-

FIGURE 22-2

	

The location of the osteotomy cuts for the
LeFort I downfracture technique. In patients whose mandible is
normal in size, the retrognathic appearance results from down-
ward and backward rotation of the chin. Superior repositioning of
the maxilla as indicated by the arrow allows the mandible to ro-
tate upward and forward, hinging at the temporomandibular
j oint, which simultaneously shortens facial height and provides
more chin prominence.

cussed in some detail in Chapters 6 to 8. As greater empha-

sis is placed on soft tissue rather than hard tissue relation-

ships in planning both orthodontic and surgical treatment,

more extensive guidelines for clinical examination of facial

soft tissues can be anticipated in the near future.
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FIGURE 22-3

	

With the ideal position of the upper and lower incisors shown by the origin of the x and
y axes, the envelope of discrepancy shows the amount of change that could be produced by orthodontic
tooth movement alone (the inner envelope of each diagram); orthodontic tooth movement combined with
growth modification (the middle envelope); and orthognathic surgery (the outer envelope). Note that the
possibilities for each treatment are not symmetric with regard to the planes of space. There is more po-
tential to retract than procline teeth and more potential for extrusion than intrusion. Since growth of the
maxilla cannot be modified independently of the mandible, the growth modification envelope for the two
jaws is the same. Surgery to move the lower jaw back has more potential than surgery to advance it.
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Esthetic and Psychosocial Considerations
in Orthognathic Surgery
The negative effect on psychic and social well being from

dentofacial disfigurement is well documented,' and it is

clear that this is why most patients seek orthodontic treat-

ment. Those who look different are treated differently, and

this becomes a social handicap. Treatment to overcome so-

cial discrimination is not "just cosmetic." It is neither vain

nor irrational to desire esthetic change that can improve

one's total life adjustment.

The motivation to improve facial appearance, not sur-

prisingly, is even stronger for those with the more severe

deviations from the norm that might require orthognathic

surgery. Although most individuals who are evaluated for

orthognathic surgery desire an improvement in function as

well as esthetics, several studies have shown that 75%- 80%

seek esthetic improvement. Data from psychological test-

ing of patients in the University of North Carolina Dento-

facial Program, through which orthognathic surgery pa-

tients are evaluated and managed, show a high prevalence

of psychological distress (15%-37%, depending on the

subscale). 8 Those who accept a recommendation for surgi-

cal treatment see themselves as less normal than those who

decide against treatment, even though cephalometric data

for the two groups are similar. 9

Orthodontic treatment primarily affects the promi-

nence of the teeth and the contours of the lips. Changes in

the position of the chin and nose are likely to have a

greater impact on facial esthetics than changes limited to

the lips, and the effect of orthognathic surgery on the

lower face extends the esthetic impact of treatment con-

siderably. If esthetic improvement is a major goal of treat-

ment, it makes sense that changes in the nose, and perhaps

other changes in facial soft tissue contours that could be

produced by facial plastic surgery should be considered in

the treatment planning. The integration of orthognathic

and facial plastic surgery is a current, and entirely rational,

trend that is well described in Sarver's recent text.' ° Not
long ago, treatment planning began with jaw and tooth po-

sitions, and then the effect of these changes on the soft tis-

sues was evaluated. A more contemporary approach is to

decide how the facial soft tissues should look, and then

work backward to determine what would have to be done

to the underlying hard tissues to produce the desired soft
tissue outcome.

Psychological Reactions to
Orthognathic Surgery
On "objective" evaluation, most observers would conclude

that both orthodontic treatment alone and orthognathic

surgery usually improve facial appearance, but the impor-

tant consideration is whether patients agree. The best evi-

dence that they do is the high level of satisfaction reported

by those who have had treatment. About 90% of patients

who undergo orthognathic surgery report satisfaction with

the outcome and over 80% (a more revealing number) say

that, knowing the outcome and what the experience was

like, they would recommend such treatment to others and
would undergo it again. 9

This does not mean, of course, that there are no nega-

tive psychological effects from this type of surgical treat-

ment. First, a few patients have great difficulty in adapting

to significant changes in their facial appearance. This is

more likely to be a problem in older individuals. If you are
19, your facial appearance has been changing steadily for all

your life, and another change is not a great surprise. If you
are 49 and suddenly see a different face when you look in

the mirror, the effect may be unsettling. Psychological sup-

port and counseling, therefore, are particularly important

for older patients, and major esthetic changes in older

adults may not be desirable. As we have discussed above in
Chapters 20 and 21, adults seeking treatment fall into two

groups, a younger group who seek to improve their lot in
life, and an older group whose goal is primarily to maintain

what they have. The older group may need orthognathic

surgery to achieve their goal, but for them, often treatment

should be planned to limit facial change, not maximize it.

Second, whatever the age of the patient, a period of

psychological adjustment following facial surgery must be

expected (Figure 22-4). In part, this is related to the use of
steroids at surgery to minimize postsurgical swelling and

edema. Steroid withdrawal, even after short-term use,

causes mood swings and a drop in most indicators of

FIGURE 22-4

	

Ageneralized representation of the typical psy-
chological response to orthognathic surgery (based on the work of
Kiyak). 9 Prior to treatment, patients who seek orthognathic
surgery tend to be above the mean on most psychologic parame-
ters. Immediately before surgery, they are not quite so positive, as
anxiety and other concerns increase. In the days immediately after
surgery, a period of negativism typically occurs (depression, dissat-

isfaction, etc.). This is related in part to steroid use at surgery and
withdrawal afterward, but is not totally explained by this. By six
weeks post-surgery, the patients usually are well on the positive
side of normal again, and at one year typically rate quite high for
satisfaction with treatment and general psychological well-being.



678

	

SECTION VIII

	

Treatment forAdults

psychological well-being. The adjustment period lasts
longer than can be explained by the steroid effects, how-
ever. The surgeon learns to put up with complaining
patients for the first week or two postsurgery. By the time
orthodontic treatment resumes at 3 to 6 weeks post-
surgery, the patients are usually-but not always-on the
positive side of the psychological scales. Sometimes the or-
thodontist also has to wait for a patient to make peace with
thesurgical experience.

In the short-term, an important influence on the pa-
tient's reaction to surgical treatment is how well the actual
experience matched what the patient was expecting. Inter
estingly, orthognathic surgery does not rate high on dis-
comfort/morbidity scales. Mandibular ramus surgery re-
quires about the same pain medication as extraction of
impacted wisdom teeth; maxillary surgery is tolerated bet-
ter than that. From a psychological perspective, it's not so
much the amount of pain or discomfort you experienced
that determines your reaction, it's how this compares with
what you thought would happen. This highlights the im-
portance of carefully preparing patients for their surgical
experience."

With current technology, it is possible now to show pa-
tients computer simulations of the esthetic impact of surgi-
cal treatment. The psychological impact of doing this has
been a matter of considerable concern. Current research
shows that there is little or no danger of producing unreal-

istic esthetic expectations, and on balance, it is better to
share the simulations with patients. This is discussed in
more detail in the section on interactive treatment plan-
ning on p. 696.

For a detailed review of research related to psycholog-
ical aspects of orthognathic surgery, we recommend the re-
cent review chapter by Phillips.' 2

SURGICAL PROCEDURES AND
TREATMENT POSSIBILITIES

To review the changes that can be achieved by contempo-
rary surgical techniques, it is helpful to consider how the
jaws can be repositioned in three planes of space.

Correction of Anteroposterior Relationships
Both the maxilla and mandible can be moved forward or
backward to correct a jaw discrepancy (Figure 22-5). The
mandible can be moved anteriorly or posteriorly in the
sagittal plane with relative ease. Extreme advancement may
create stability problems associated with neuromuscular
adaptation and stretch of the investing soft tissues. The
maxilla can be moved forward if bone grafts are interposed
posteriorly to help stabilize the new position. Posterior
movement of the entire maxilla is not easily achieved be-
cause other skeletal components that normally support the

FIGURE 22-5

	

The maxilla and mandible can be moved anteriorly and posteriorly as indicated by the
red arrows in these line drawings. Anterior movements of the mandible greater than 10 to 12 mm create
considerable tension in the investing soft tissues and tend to be unstable. Posterior movement of the en-
tire maxilla, though possible, is difficult and usually unnecessary. Instead, posterior movement of pro-
truding incisors up to the width of a premolar is accomplished by removal of a premolar tooth on each
side, followed by segmentation of the maxilla. Although the maxilla can be advanced more than it can be
retracted, the possibility of relapse or speech alteration from nasopharyngeal incompetence increases with
larger movements.



CHAPTER 22

	

Combined Surgical and Orthodontic Treatment

	

679

maxilla interfere with moving it back. As Figure 22-5
shows, however, this difficulty is overcome by segmenting
the maxilla so that only the anterior portion is retracted.

Maxillary Surgery.

	

The LeFort I downfracture pro-
cedure (see Figure 22-2) almost always is used now to repo-
sition the maxilla. If the maxilla is advanced, a graft in the
retromolar area or at a step created in the lateral wall usu-
ally is required. Various materials, including autogenous
and freeze-dried bone and alloplastic substances, can be
used. Retraction of the anterior segment is achieved by re-
moval of a premolar, segmentation, and movement of the
anterior segment into the space created (see Figure 22-5).
Although it is technically possible to move the entire max-
illa posteriorly, rarely is this necessary.

Mandibular Advancement. Currently, the bilat-
eral sagittal split osteotomy (BSSO) of the mandibular
ramus (see Figure 22-1), performed from an intra-oral
approach, is the preferred procedure for most patients
who need mandibular advancement. The osteotomy de-
sign provides a broad interface of medullary bone for rapid
healing. The overlapping of the two segments allows easy
rigid internal fixation with screws, and problems with
postoperative instability are rare. The early mobilization
allowed by this form of rigid internal fixation (RIF) im-
proves jaw mobility in both the short and long term. Al-
though rigid fixation has not eliminated relapse in exten-
sive mandibular advancements, the amount of relapse has
been reduced and improved predictability for smaller
advances has been reported.

The greatest drawback of the sagittal split is altered
sensation post-operatively. Some stretching and retraction
of the inferior alveolar nerve are necessary to place the os
teotomy cut, and as a result, paresthesia over the distribu-
tion of the inferior alveolar nerve almost always is present
immediately after surgery. Usually this disappears in 2 to 6
months, but 20% to 25% of patients have some degree of
long-term altered sensation."

Mandibular Setback.

	

Reduction of mandibular prog-
nathism can be accomplished by one of two techniques
performed in the ramus, each having advantages and dis
advantages. The BSSO discussed previously can be used
to move the mandible posteriorly as well as anteriorly. It
is widely used for setbacks because of excellent control of
the condylar segments and because osteosynthesis screws
can be employed for fixation.

The transoral vertical oblique ramus osteotomy
(TOVRO) is limited to mandibular setback and requires
full-thickness overlapping of the segments. This procedure
requires less time than the sagittal split osteotomy and is
less likely to produce neurosensory changes, but jaw im-
mobilization after surgery is necessary and control of the
condylar fragment can be difficult. Especially when both
the maxilla and mandible are repositioned in treatment of
Class III problems, the advantage of rigid fixation with
BSSO outweighs the advantages of TOVRO.

Correction of Vertical Relationships
Problems of excessive and deficient face height, which usu-
ally are accompanied by severe anterior open bite and deep
bite respectively, were not treated in a reliable manner un-
til the 1970s. At present, as diagrammed in Figure 22-6, the
maxilla can be moved up quite successfully but can be po-
sitioned downward with less predictability. The mandible
can be moved up or down anteriorly but cannot be moved
down at the gonial angle with stability.

As a general guideline, this means that long face prob-
lems are treated best by superior repositioning of the max-
illa. This allows the mandible to rotate around the condyle,
thereby reducing the mandibular plane angle and shorten-
ing the face. Short face problems, in contrast, are treated
most predictably and successfully by mandibular ramus
surgery that allows the mandible to move downward only
at the chin, increasing the mandibular plane angle by
shortening the ramus and opening the gonial angle rather
than by rotating at the condyle. When vertical positions of
the jaws are changed, it is often necessary to change an-
teroposterior positions as well.

Maxillary Surgery.

	

The contemporary surgical ap-
proach to the skeletal open bite (long face) deformity in-
volves a LeFort I downfracture of the maxilla, with supe
rior repositioning of the maxilla after removal of bone
from the lateral walls of the nose, sinus, and nasal septum.

FIGURE 22-6 The surgical movements in the vertical
dimension are indicated by the red arrows on this diagram of the
skull. The maxilla, mandibular angles, and chin can be moved
upward reliably, while downward movement of the maxilla by
bone grafting is less predictable (arrow with single asterisk). Down-
ward movement of the chin is possible in combination with
slight advancement. Lengthening the ramus (arrow with double
asterisks) stretches the muscular sling and usually results in re-
lapse.
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It is important to shorten the nasal septum or free its base
so that the septum is not bent when the maxilla is elevated.
The inferior turbinate can be partially resected if needed
to allow the intrusion, although this procedure rarely is
necessary. The overall facial height is shortened as the
mandible responds by rotating upward and forward. Neu-
romuscular adaptation alters both its occlusal and postural
positions. Further surgery to correct the anteroposterior
position of the mandible may or may not be necessary
after this rotation, depending on functional and esthetic
concerns (Figure 22-7). Excellent stability of the vertical
position of the maxilla is observed post-surgically, but
long-term, some continued vertical growth of the maxilla
may occur. 14,15

In contrast, when the maxilla is moved downward to
increase face height, it tends to relapse back up post-surgi-
cally, so that 20% or more of the vertical change often is
lost even when rigid fixation is used. 16 Both the use of more
rigid graft materials (like synthetic hydroxylapatite) 17 and
simultaneous osteotomy of the mandibular ramus18 have
been reported to improve the stability of downward move-
ment of the maxilla, but this remains one of the more prob-
lematic movements (see stability section, on p. 705).

Mandibular Surgery. Patients with a long face,
skeletal open bite and anteroposterior mandibular defi-
ciency often have a short mandibular ramus. As Figure
22-6 suggests, surgery to reduce the mandibular plane an-
gle and close the open bite by rotating the mandible down
posteriorly and up anteriorly has been found to be highly
unstable. Because the fulcrum for rotation is the posterior
teeth, this rotation lengthens the ramus and stretches the
muscles of the pterygomandibular sling. The instability is
attributed primarily to lack of neuromuscular adaptation
in these powerful muscles, which can produce relapse to
pre-surgical or even worse mandibular positions (Figure
22-8, on p.682). Mandibular ramus surgery in open bite
patients should be avoided for this reason, unless it is com-
bined with maxillary intrusion so that lengthening of the
ramus does not occur.

Long face patients often have excessive eruption of
mandibular anterior teeth, indicated cephalometrically by
an abnormally long distance from the incisal edge to the
base of the chin. This vertical tooth-chin problem can be
corrected by orthodontic intrusion or by anterior segmen-
tal surgery to depress the elongated incisor segment. Of-
ten, however, the preferred treatment is an inferior border
osteotomy of the mandible to reduce the vertical height of
the chin at the same time it is augmented horizontally.
Many long face patients are treated best with a combina-
tion of maxillary intrusion and repositioning of the chin
(Figure 22-9, on p. 683).

Patients with a short face (skeletal deep bite) problem
are characterized by a long mandibular ramus, square go-
nial angle and short nose-chin distance. Often the maxillary
incisors are tipped lingually in Angle's Class 11, division 2

pattern. Despite the deep overbite, excessive eruption of
the lower incisors often has not occurred, as demonstrated
by a normal distance from the chin to the incisal edge.
These patients often have an associated mandibular defi-
ciency, and in many instances could be described as "Class
II rotated to Class I" because of the short anterior face
height. They are treated best by sagittal split mandibular
ramus surgery to rotate the mandible slightly forward and
down and the gonial angle area up (Figure 22-10, on
p. 684). Orthodontic leveling of the lower arch is required
and usually is done after rather than before the surgery
(see p. 693 for a discussion of the timing of the orthodon-
tic procedures).

Correction of Transverse Relationships
Transverse problems fall into two categories: those due to
symmetrical narrowing or (less frequently) widening of one
dental arch and those due to jaw asymmetry.

Expansion and Narrowing of the Dental Arches.
It is possible to move the maxillary segments both away
from and toward the midline with relative ease and stabil
ity (Figure 22-11, on p. 685). The same movements, how-
ever, are more difficult to perform in the mandible because
of the temporomandibular joint articulation and problems
with soft tissue management.

Maxillary Expansion for Lingual Crossbite.

	

Con-
striction of the maxilla rarely occurs without some coexist-
ing vertical or sagittal problem. Maxillary constriction or
expansion can be accomplished easily by segmenting the
maxilla in the course of LeFort I downfracture surgery to
correct other problems, and this is the usual approach. Ex-
pansion is done with parasagittal osteotomies in the lateral
floor of the nose or medial floor of the sinus that are con-
nected by a transverse cut anteriorly. A midline extension
runs forward between the roots of the central incisors
(Figure 22-12, on p. 685). If constriction is desired, bone
is removed at the parasagittal osteotomies according to
presurgical planning. In expansion, either bone harvested
in the downfracture or bank bone is used to fill the void
created by lateral movement of the posterior segments.

Orthopedic palatal expansion of the type used in ado-
lescents is not feasible in adults because of the increasing
resistance of the midpalatal and lateral maxillary sutures.
Surgically-assisted palatal expansion, using bone cuts to re-
duce the resistance without totally freeing the maxillary
segments, followed by rapid expansion of the jackscrew, is
another possible treatment approach for adult patients with
skeletal maxillary constriction. l9 The implication of this
procedure is that the problem affects only the transverse
plane of space, and this is when it is most useful (Figure
22-13, on p. 686). Surgically-assisted expansion as the first
stage of two-stage surgical treatment, in a patient who
would require another operation later to reposition the
maxilla in the anteroposterior or vertical planes of space, is
not recommended.



FIGURE 22-7	 Superior repositioning of the maxilla usually is needed to correct severe an-
terior open bite. A and B, Facial proportions and C and D, occlusal relationships before treat-
ment. E and F, facial proportions and G and H, occlusal relationships after maxillary surgery;

continued
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FIGURE 22-7, Cont'd

	

1, cephalometric superimposition. Note the upward and forward rotation of
the mandible, which improved the anteroposterior jaw relationships. When the maxilla is repositioned
vertically, both the postural (rest) and occlusal positions of the mandible change.

FIGURE 22-8

	

Mandibular advancement with rotation of the mandible to move the chin upward and
decrease the mandibular plane angle is contraindicated because of the high potential for relapse.
A, Cephalometric superimposition showing the change produced by mandibular ramus osteotomy in a
mandibular deficient open bite patient. Note that the chin and mandibular incisors were elevated and
advanced, but the mandible rotated around a fulcrum at the molars, and the gonial angle moved down.
Lengthening the ramus and stretching the pterygomandibular sling in this way causes instability. B, Same
patient, superimposition from immediately after surgery to 3 months after surgery. Note the relapse, with
return of the anterior open bite caused by rotation of the mandible up posteriorly and down anteriorly.
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FIGURE 22-9

	

A and B, This girl, who had had unsuccessful orthodontic treatment for her Class III open bite
malocclusion, was evaluated for surgical-orthodontic treatment at age 17. Note the typical asymmetry observed with
excessive mandibular growth, with the chin off to the left. In preparation for surgery, maxillary and mandibular first
premolars were extracted, the crowded lower incisors were aligned with minimal retraction, and the protruding max-
illary incisors were retracted to produce negative overjet. C and D, At age 18, the maxilla was moved upward and
forward, and a lower border osteotomy with removal of a wedge of bone was used to decrease the vertical height of
the chin area and bring the chin to the midline. E and F, At the completion of treatment 18 months after pre-surgi-
cal orthodontics began, there was a significant improvement in facial esthetics. In Class III patients of this type, the
combination of maxillary osteotomy and a lower border osteotomy of the chin, avoiding ramus surgery, has advan-
tages of both better stability and better esthetics, particularly in throat form. Note that although the asymmetry of
the gonial angles was not corrected, this is not apparent.
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FIGURE 22-1C)

	

A-C, "I his 48-year-old woman sought treatment to correct her deep overbite, which
was beginning to cause functional problems, and to improve her dental and facial appearance. The treat-
inent plan called for aligning the teeth in both arches without extraction, bringing the upper incisors fa-
cially and increasing overjet; surgical mandibular advancement, bringing the mandible forward but rotat-
ing the chin downward to increase face height; and post-surgical leveling of the lower arch. D-F, In this
case, treatment time was 15 months, and both ideal occlusion and improved facial esthetics were obtained.
In this age group, mandibular advancement decreases facial wrinkles and tends to make the patient look
younger.

	

continued
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FIGURE 22-10, Cont'd

	

G, Cephalometric superimposition
shows the mandibular rotation, increasing the mandibular plane
angle by moving the chin down and the gonial angle up. This is
the most stable type of mandibular advancement.

FIGURE 22-11

	

The surgical movements that are possible in
the transverse dimension are shown on this postero-anterior
illustration of the skull. The solid red arrows indicate that the
maxilla can be expanded laterally or constricted with reasonable
stability. The smaller size of the arrows pointing to the midline
represents the fact that the amount of constriction possible is
somewhat less than the range of expansion. The only transverse
movement easily achieved in the mandible is constriction, al-
though limited expansion is possible.

FIGURE 22-12

	

A, The osteotomy cuts necessary to surgically reposition the maxilla using the LeFort I
downfracture approach are indicated in red. The arrows point to the vertical cuts that are placed immediately
medial or lateral to the nasal wall to allow changes in transverse dimensions. The vertical cuts are placed in this
location because there is more loose connective tissue underlying the mucosa in this area than at the mid-palatal
suture. This technique allows repositioning with less soft tissue tension than would be experienced if a midline
approach were used. B, This photograph is the surgeon's view of a downfractured maxilla in which the osteotomy
cuts for parasagittal expansion have been completed. The anterior-posterior cuts in the lateral nasal floor are con-
nected by transverse osteotomy (arrow A). An extension (arrow B) passes between the roots of the central incisors
and completes the separation of the maxillary halves.
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FIGURE 22-13

	

Surgically-assisted palatal expansion is indicated when an adult has problems only in
the tranverse plane of space severe enough to require surgery and may be particularly advantageous when
the transverse problem is unilateral, as in this patient. A to C, Occlusal relationships before treatment in
a 17-year-old boy; D and E, occlusal views before and 1 week after surgery, showing the 4.5 mm of ex-
pansion gained following corticotomy of the right maxilla and activation of the jackscrew; F to H, occlusal
relationships at the completion of treatment.

Mandible. The range of expansion or constriction
possible in the mandible is more limited. Movements in the
posterior region are limited by the condyle-glenoid fossa re
lationship. Expansion anteriorly is limited by the need to
cover the surgical site with soft tissue. Distraction osteogen-
esis appears to offer the possibility of augmenting the amount
of both bone and soft tissue in the mandibular anterior area.
Whether expansion across the mandibular canines would be
more stable if produced in this way has not been established.
Because pressure against the teeth at the corners of the mouth

seems to be the major limiting factor, expansion with distrac-
tion osteogenesis may turn out to be no more stable than or-
thodontic expansion. Constriction by a body ostectomy is
possible anteriorly, but removal of teeth is necessary unless
adequate interdental spacing exists. Improved techniques and
instrumentation have made surgical repositioning of the den-
toalveolar process possible, but only to the limit allowed by
the underlying bone support.

Asymmetry. Asymmetry is a surprisingly frequent
component of dentofacial deformity. A review of the large
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data base at the University of North Carolina showed that
one-fourth of mandibular deficient patients were asymmet-
ric, and 40% of Class III and long face patients had some de-
gree of asymmetry. The asymmetry primarily involved the
chin, but the midface (primarily the nose) also was affected
in about one-third of the asymmetric patients. In patients
with deficient or excessive mandibular growth, when the
chin was off to one side, there was a 90% chance that the de-
viation was to the left (i.e., more mandibular growth on the
right side). Only for the long face patients was there an
equal distribution of right-left deviation. Why this occurs is
unknown. Although trauma to the mandible can lead to de-
ficient growth on one side and the development of asym-
metry, a history of trauma was found in only 14% of the
UNC patients with asymmetry. Most normal individuals
have slightly more development of the right side of the
face-perhaps this tendency is accentuated in those with
growth disturbances.

Mandibular asymmetry often leads to a secondary max-
illary deformity. More vertical mandibular growth on one
side produces compensatory changes in maxillary growth,
and a pronounced tilt to the occlusal plane is likely to occur.
When the mandible deviates, compensatory changes in the
mandibular alveolar process also are likely: the teeth shift
back toward the midline as growth continues, and the chin
deviates more than the dental midline. For this reason, sur-
gical correction of asymmetry often requires a LeFort I os-
teotomy to reposition the maxilla, moving it more vertically
than transversely, as well as sagittal split osteotomies of the
mandibular ramus to advance or shorten one side more than
the other (Figure 22-14). A lower border osteotomy of the
mandible to reposition the chin transversely and/or verti-
cally also may be indicated. If this procedure is used to bring
the chin to the midline, it may be possible to leave the gonial
angles slightly asymmetric, which is hardly noticeable, and
avoid ramus surgery (see Figure 22-9).

FIGURE 22-14

	

A-B, This 18-year-old girl sought treatment because of concern about the facial
appearance created by her prominent and asymmetric chin. C-E, A Class III open bite malocclusion was
present, with good alignment in both arches but the dental midlines off in the same direction as the chin.
F, The panoramic radiograph shows a longer condylar neck on the left side of the mandible.

continued
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FIGURE 22-14, Cont'd G, The cephalometric radiograph shows a combination of mandibular prog-
nathism and maxillary deficiency. The plan of treatment was orthodontic alignment and stabilization,
then, H, LeFort I osteotomy for maxillary advancement combined with BSSO for an asymmetric
mandibular setback. I and J, Postsurgically, orthodontic archwires and light elastics were used to bring the
teeth together, leveling the lower arch; K-O, Facial and dental appearance after 15 months of treatment;
continued
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FIGURE 22-15

	

The chin can be sectioned anterior to the
mental foramen and repositioned in all three planes of space. The
lingual surface remains attached to muscles in the floor of the
mouth, which provide the blood supply. Moving the chin anteri-
orly, upward, or laterally usually produces highly favorable es-
thetic results. Moving it back or down may produce a "boxy" ap-
pearance.

FIGURE 22-14, cont'd P, Cephalometric superimposition
showing the changes produced during treatment.

Genioplasty in Orthognathic Treatment
Lack of surrounding anatomic structures gives the surgeon

considerable latitude in alteration of chin morphology, and

movement of the chin in all three planes of space is possi-

ble (Figure 22-15). The chin can be moved in virtually

every direction, but esthetic results are unquestionably bet-

ter and more predictable if the movement increases the soft

tissue support rather than diminishes it (Figure 22-16).
Genioplasty Techniques. The chin can be aug-

mented either by using an osteotomy of the lower border

of the mandible to reposition the symphysis or by adding

an implant material. Addition of a bone graft taken from

another area is a possible implant approach but is used

rarely because the absence of a vascular pedicle results in
loss of viability and significant resorption.

For most patients, the preferred approach to genio-
plasty is a lower border osteotomy to free a wedge-shaped

portion of the symphysis and inferior border that remains
pedicled on the genioglossus and geniohyoid muscles.

This segment can be advanced to augment chin contour,
shifted sideways to correct asymmetry, or downgrafted to

increase lower face height. By splitting the segment verti-

cally, the distal aspects of the wedge can be flared or com-

pressed. If narrowing of the anterior portion is needed,

bone is removed in that area. When reduction is desired in
the distance from the incisal edge to the inferior aspect of

the symphysis, a wedge of bone can be removed above the

chin as diagrammed in Figure 22-15 and shown clinically

in Figure 22-9.

Silicone implants were commonly placed to augment

the chin at one time, but are used infrequently now because

of problems with bone resorption under the silicone mate

rial and migration of the implant. If an implant must be

used, porous hydroxylapatite in block form is a better

choice than silicone, but it is difficult to adapt at the time

of surgery and is not immune to the problems of resorption

and migration.

Less satisfactory results are achieved in the reduction

of a prominent symphysis. Degloving the symphysis and

cutting away bone produces an undesirable boxy or

blunted appearance of the chin. Posterior movement of a

pedicled wedge gives results that are better but still less

predictable and esthetic than augmentation. If possible, it

is better to decrease chin prominence by rotating the

body of the mandible downward, which often can be done

with a ramus osteotomy while correcting other problems

(see Figure 22-10).

Genioplasty as an Adjunct to Non-extraction Or-
thodontic Treatment. Prominence of the lower incisors

relative to the chin traditionally has been treated ortho

dontically by retracting the incisors to establish proper

tooth-chin balance, and indeed this relationship often has

been considered a key to orthodontic treatment planning

(e.g., as in the Holdaway ratios-see Chapter 6). But when

the lower incisors are retracted, the upper incisors also

must be retracted. For some patients, this creates the risk

of an unesthetic flattening of the lips and can make a large

nose appear even more prominent.



FIGURE 22-16

	

A and B, Age 47, prior to orthodontic treatment. His primary concern was impaired
facial esthetics, which he related to crowding and protrusion of the upper incisors. The treatment plan was
orthodontic treatment to align the incisors without retracting them and advancement genioplasty; C and
D, Age 49, at completion of treatment; E, cephalometric superimposition. For this man who wanted im-
proved dental and facial esthetics, orthodontic alignment of teeth solved only part of the problem; the
lower border osteotomy to reposition the chin solved the rest. Note the improved throat form and de-
creased facial wrinkles produced by the genioplasty.
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FIGURE 22-17 An attempt at nonextraction treatment for
this 14-year-old boy with moderate Class 11 malocclusion, exces-
sive overjet, and crowded lower incisors (A) resulted in unaccept-
able prominence of the lower incisors and an everted lower lip (B).
The incisors would not be stable with this degree of protrusion,
and facial esthetics are impaired. The traditional orthodontic
treatment approach in this situation would be to extract premolars
in both arches, retract the protruding lower incisors, and retract
the upper incisors to establish ideal overjet, which would produce
excellent occlusion and good stability at considerable cost to facial
esthetics. An alternative is to improve the balance between lower
incisors and chin by advancing the chin, which gives excellent fa-
cial esthetics (C) and changes lip pressures against the incisors, im-
proving the chance for long-term stability. D, Cephalometric su-
perimposition showing the changes from the initial condition
(black) to corrected occlusion with unacceptable lower incisor pro-
trusion (dotted red) to completion of treatment (red).

For such patients, a lower border osteotomy to aug-
ment the chin provides an alternative to premolar extrac-
tion and retraction of prominent lower incisors (Figure
22-17). In theory, advancing the chin decreases lip pressure
against the lower incisors and makes them more stable
in an advanced position. Although case reports suggest
that this may be correct, it has not been established scien-
tifically.

Integration of Orthognathic
and Other Facial Surgery
Patients with jaw deformities often also have a nasal de-
formity, and alterations in the nose can benefit a signifi-
cant minority of those who seek orthognathic surgery' °
Rhinoplasty can change the proportions of the nose in a
number of ways. It can quite successfully correct the nasal
prominence and elevation of the nasal bridge that often ac-
companies severe Class II malocclusion. Without changes
in the nose, retracting protruding maxillary incisors makes
the nose even more prominent (Figure 22-18), and even
with surgical mandibular advancement, rhinoplasty can
greatly augment facial esthetics when a nasal deformity is
part of the Class 11 facial pattern. When jaw asymmetry
exists, there is about a 30% chance that the nose also is
affected, so it is important to evaluate the nose carefully
in asymmetry patients. If the nose deviates in the same
direction as the chin, as often is the case, the nasal asym-
metry will be accentuated by correcting the jaws and chin.
Obviously, it is important to warn the patient that this
will occur and to plan rhinoplasty as well as jaw surgery if
it is needed.

The timing of rhinoplasty and orthognathic surgery
depends on the type and extent of the jaw surgery. It is bet-
ter for the patient to have both procedures done as part of
the same operation, if this is feasible without compromising
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FIGURE 22-18

	

A and B, This patient with Class II malocclusion had orthodontic re-
traction of her protruding maxillary incisors and rhinoplasty to reduce the prominence of
her nose and remove its dorsal hump. Retracting upper incisors tends to make the nose
more prominent, and changes in the nose may be required for optimal esthetics in con-
junction with orthodontic treatment. C and D, This patient with a nose that deviated to
the left and a Class III malocclusion with a mandible that also deviated to the left had both
orthognathic surgery and rhinoplasty. Especially if the jaw and nose deviate in the same
direction, surgery that straightens the jaw will make the nasal asymmetry more prominent,
and it is important for the patient to understand that correction of the nasal deformity also
will be needed. (Courtesy Dr. D. Sarver.)
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the quality of the result. Simultaneous mandibular ad-
vancement and rhinoplasty usually can be accomplished,
but it is more difficult to combine maxillary surgery and
rhinoplasty, and still more difficult to combine nasal and
two-jaw surgery. A second-stage rhinoplasty, typically done
12 to 16 weeks after the jaw surgery, often is the best plan
for patients with major asymmetry.

TIMING AND SEQUENCING
OF SURGICAL TREATMENT

Early vs. Later Surgery
As noted previously, growth modification is the preferred
approach to severe dentofacial problems, whereas surgery
is reserved for patients who do not respond to growth mod-
ification and whose problems are too severe for camou-
flage. As a general rule, early jaw surgery has little inhibitory
effect on further growth. For this reason, orthognathic
surgery should be delayed until growth is essentially com-
pleted in patients who have problems of excessive growth,
especially mandibular prognathism. For patients with growth
deficiencies, surgery can be considered earlier, but rarely
before the adolescent growth spurt.

Early Surgery and Growth Excess.

	

Actively grow-
ing patients with mandibular prognathism can be expected
to outgrow surgical correction and require retreatment

(Figure 22-19), so the timing of this surgery often is a crit-
ical consideration. Indirect methods of assessing growth
status, such as hand-wrist films to determine bone age, are
not accurate enough to use for planning the time of
surgery. The best method is serial cephalometric tracings,
with surgery delayed until good superimposition docu-
ments that the adult deceleration of growth has occurred.
Often the correction of excessive mandibular growth must
be delayed until the late teens, unless a second later surgi-
cal correction can be justified because of psychosocial con-
siderations.

The situation is not so clear cut for patients with the
long face (skeletal open bite) pattern that can be character-
ized as vertical maxillary excess. In a series of patients
treated at the University of North Carolina, skeletal stabil-
i ty of the vertically repositioned maxilla was similar in pa-
tients above and below the age of 19, but the maxillary pos-
terior teeth tended to erupt after surgery in the younger
patients. 1

4 There appears to be a reasonable chance for sta-
ble surgical correction of this problem before growth is to-
tally completed, but the difference in clinical stability be-
tween treatment at, for example ages 14 and 18, remains
incompletely understood.

Early Surgery and Growth Deficiency.

	

Surgery in
infancy and early childhood is required for some congeni-
tal problems that involve growth deficiency; craniosynos
tosis and severe hemifacial microsomia are two examples.
The major indication for orthognathic surgery before

FIGURE 22-19

	

Cephalometric superimposition showing continued mandibular growth after
surgical correction at age 15 (black tracing, completion of initial phase of treatment). The red out-
line, 5 years later, demonstrates the increment of mandibular growth and resulting relapse. Note the
eruption of the upper teeth to partially maintain occlusal relationships as the mandible grew.
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puberty, however, is a progressive deformity caused by
restriction of growth. A common cause is ankylosis of the
mandible (unilaterally or occasionally bilaterally) after a
condylar injury or severe infection (see Chapters 2 and 4).
Surgery to release the ankylosis, followed by functional ap-
pliance therapy to guide subsequent growth, is needed in
these unusual problems.

A child with a severely progressive deficiency should
be distinguished from one with a severe but stable defi-
ciency, such as a child with a small mandible whose facial
proportions are not changing appreciably with growth. Al-
though a progressive deficiency is an indication for early
surgery, a severe but stable deficiency may not be. In keep-
ing with the general principle that orthognathic surgery
has surprisingly little impact on growth, early surgery does
not improve the growth prognosis unless it relieves a spe-
cific restriction on growth, nor does it produce a subse-
quent normal growth pattern.

Early Mandibular Advancement. In the 1980s,
there was some controversy about the impact of early
mandibular advancement on subsequent mandibular growth.
It now seems clear that many younger patients have fur-
ther growth following surgical mandibular advancement.
Most of this growth is expressed vertically, however, and
results in minimal forward movement at pogonion. 23 In
our view, mandibular advancement before the adolescent
growth spurt is of questionable utility for patients who do
not have extremely severe and progressive deformities.
On the other hand, there is no reason to delay mandibu-
lar advancement after sexual maturity. Minimal facial
growth can be expected in patients with severe deficiency
during late adolescence, and relapse from that cause is
unlikely. In contrast to mandibular setback, mandibular
advancement at age 14 or 15 is quite feasible.

Early Maxillary Advancement.

	

A major reason to
consider surgical maxillary advancement at an early age is
to help overcome psychooocial problems caused by severe
deficiency. Early advancement of a sagittally deficient max-
illa or midface remains relatively stable if there is careful at-
tention to detail and if grafts are used to combat relapse,
but further forward growth of the maxilla is quite unlikely.
In general, maxillary advancement should be delayed until
after the adolescent growth spurt unless there are prepon-
derant psychological considerations. In this case, subse-
quent growth of the mandible is likely to result in reestab-
lishment of the abnormal relationships, and the patient and
parents should be cautioned about the possible need for a
second stage of surgical treatment later.

Although surgery to reposition the entire maxilla may
affect future growth, this is not necessarily the case for the
surgical procedures used to correct cleft lip and palate. In
cleft patients, bone grafts to alveolar clefts prior to erup-
tion of the permanent canines can eliminate the bony de-
fect, which greatly improves the long-term prognosis for
the dentition. A review of cleft palate patients treated with
the Oslo protocol (i.e., closure of the lip and hard palate at

3 months, posterior palatal closure at 18 months, and can-
cellous alveolar bone grafting at 8 to 11 years) showed no
interference with the total amount of facial growth. As
cleft palate surgery methods continue to improve, the
number of cleft palate patients who need maxillary ad-
vancement as a final stage of treatment should continue to
decrease.

Sequencing Treatment
Surgical and Orthodontic Phases of Treatment.

Successful management of combined surgical and ortho-
dontic treatment requires the integration of pre-surgical
orthodontic, surgical, and post-surgical orthodontic phases
of treatment. In contemporary treatment, dental compen-
sations are removed before surgery and the teeth are prop-
erly located in relationship to the individual skeletal com-
ponents. At this point, heavy archwires are placed and the
appliance is used for stability and fixation during surgical
reorientation of the bony segments. The contemporary
edgewise appliance provides excellent stabilization, better
than can be obtained with arch bars or fracture splints.
When satisfactory healing has taken place, active ortho-
dontics is reinitiated to refine the occlusion and complete
treatment. Although orthognathic surgery can be per-
formed with reasonable precision, it is always desirable to
refine the occlusal relationships after jaw discrepancies
have been corrected.

Other Dental Treatment.

	

As with any orthodontic
patient, dental and periodontal disease must be brought
under control before combined surgical-orthodontic treat
ment is begun. The principles discussed in Chapter 20 are
entirely applicable. Three special points should be consid-
ered when orthognathic surgery is involved:

1. Incision lines contract somewhat as they heal, and
when incisions are placed in the vestibule, this can
stress the gingival attachment, leading to stripping
or recession of the gingiva. This is most likely to be
a problem in the lower anterior area in relation to
the incision for a genioplasty (Figure 22-20). Gin-
gival grafting should be completed before genio-
plasty if the attached gingiva is inadequate.

2. Many young adults being prepared for orthog-
nathic surgery have unerupted or impacted third
molars. If the surgeon will use rigid fixation (bone
screws) placed in the third molar area, it is desirable
to have the teeth removed far enough in advance of
the orthognathic procedure to allow good bone
healing.

3. If the patient's prime motivation for treatment is
temporomandibular dysfunction (TMD), the un-
predictable impact of orthognathic surgery must be
carefully discussed to avoid unreasonable treatment
expectations. TMD symptoms usually improve dur-
ing active orthodontic treatment, probably because
the soreness associated with tooth movement in-
terferes with parafunctional activity, but this im-
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FIGURE 22-20

	

Mucogingival problems can arise in a patient requiring genioplasty. A, Minimal
attached gingiva can be seen overlying the lower anterior teeth in this pre-treatment photo. Note the
inflammation of the marginal gingiva resulting from inadequate hygiene. B, After orthodontic align-
ment and genioplasry, the stresses placed on the periodontium by orthodontic tooth movement and the
contracture of the vestibular incision used in advancement genioplasryy have resulted in loss of attach-
ment and dehiscence over the lower central incisors. C, Periodontal surgery is indicated to prevent
further dehiscence and reestablish gingival attachment over the involved teeth. D, Early healing of the
laterally positioned flaps as seen at the surgical margins of the central incisors. E, Excellent contour
and reattachment have been established in this patient. Since early grafting procedures are generally
more successful than those to reestablish attachment once dehiscence has occurred, it is better to
anticipate problems and plan gingival grafts in questionable areas before initiating treatment.

provement may be transient (see Chapter 21). If
surgical-orthodontic treatment can be justified re-
gardless of whether it resolves TMD, there is every
reason to proceed with it and hope that the TMD
symptoms improve, but the patient should be well
aware that they may recur. If joint surgery will be
required, usually it is better to defer this until after
orthognathic surgery because the joint surgery is
more predictable after the new joint positions and
occlusal relationships have been established.

As with all adult orthodontic patients, whether or not
orthognathic or TM joint surgery is involved, definitive
restorative and prosthetic treatment is the last step in the
treatment sequence. Initial restorative treatment should
stabilize or temporize the existing dentition with restora-
tions that will be serviceable and provide patient comfort
during the orthodontic and surgery phases. When the final
skeletal and dental relationships have been achieved, it is
possible to obtain accurate articulator mountings and com-
plete the final occlusal rehabilitation.
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INTEGRATION OF SURGICAL
AND ORTHODONTIC TREATMENT

Interactive Treatment Planning
Minimum diagnostic records for potential surgical patients
are the same as for any other comprehensive orthodontic
treatment. A careful clinical evaluation, with particular at-
tention to facial soft tissue contours and esthetics, is re-
quired. To assist in accurate planning, an effort should be
made to obtain records with the patient's head normally po-
sitioned (i.e., photographs, digital images for computer in-
put, and cephalometric radiographs all should be made in
natural head position) (see Chapter 6). It is important for
both the orthodontist and the surgeon to be involved in the
patient's evaluation from the beginning. Often other con-
sultations are needed initially (especially periodontics and
prosthodontics, but occasionally other dental or medical
specialists).

It always has been a moral and ethical imperative to al-
low the patient to make important decisions about what
treatment he or she will accept, and now it is a legal oblig
ation as well. Orthodontics and orthognathic surgery are
elective procedures. However desirable the doctor may
think any treatment approach would be, patients now must
be provided enough information to make that decision on
their own. Interactive treatment planning, through which
the treatment plan is developed as a cooperative effort be-
tween the doctor and the patient, therefore is a necessity in
the modern world.

Computer Simulation of Alternative Treatment
Outcomes: An Important Element in Informed Con-
sent.

	

The objective of treatment simulation is to allow
the clinician to visualize and manipulate the dental and

skeletal structures so that both the doctor and the patient
can compare various treatment alternatives. Since the mid-
1990s, computer-generated simulations of profile changes
have become the preferred method for doing this. These
methods continue to improve rapidly and will be the stan-
dard approach in the near future.

Computer simulations are based on algorithms that
relate hard tissue changes produced by manipulation of
cephalometric tracings, to changes in the soft tissue pro
file, or vice versa. To accomplish this, the appropriate
landmarks from the cephalometric tracing are digitized
and entered into a computer. The cephalometric digital
model can be the same as that used for other orthodontic
purposes, so long as it incorporates enough digitized
points to adequately represent the hard and soft tissues re-
lationships. A digital photograph similarly is entered into
computer memory. The preferred method now is the out-
put from a 35 mm digital camera; alternatives are a
scanned 35 mm photographic slide or the output from a
video camera (much less precise because of the smaller im-
age size). Surgical predictions then are produced by mov-
ing areas of the digitized cephalometric tracing as they
would be at surgery-for instance, the mandible is moved
forward and rotated downward, or the maxilla is moved
upward and slightly forward-and the computer system
produces corresponding changes in the soft tissue image
(Figure 22-21).

Although an experienced clinician can judge alterna-
tive treatments quite well from cephalometric tracings
alone, patients cannot. The major advantage of the com
puter methods is the greater understanding of treatment
options that patients gain from being shown the soft tissue
simulations. When these methods were first employed,
there was great concern that patients might be led to expect

FIGURE 22-21

	

Computer simulation of maxillary advancement (right) to correct Class III

malocclusion in a 30-year-old male.
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more than the actual treatment could deliver, but patient
responses to treatment with and without exposure to com-
puter simulations show that this risk is minimal or non-

6existent.2

Several questions can be asked about this type of sim-
ulation and its clinical use:

How Accurate Is It?

	

The algorithms relating hard to
soft tissue changes continue to improve. At present, the
prediction of chin position is quite good, the upper lip is
reasonably good, and the lower lip is most difficult to pre-
dict accurately, especially when vertical changes are in-
volved .27 The accuracy is good enough to make the simu-
lations quite useful clinically. Similar predictions from a
frontal view are just now becoming possible, and it is quite
likely that the same pattern will be observed.

What Are the Risks of Showing Computer Simula-
tions to Patients? A comparison of patients who were and
were not shown computer simulations of their possible sur
gical outcomes showed that seeing the simulations height-
ened expectations for esthetic improvement, but satisfac-
tion with the treatment outcomes was not different
between the two groups (actually slightly higher in those
who saw the predictions, but not significantly so).28 The
patients who saw the computer simulations, however, did
report more anxiety about the surgical experience and
more concern about the possibility of surgical problems,
even though both groups saw the same patient education
material about this. Apparently the computer simulations
made the patients more aware of the surgery as something
they really would experience, instead of being a somewhat
abstract experience. In this sense also, the simulations per-
haps resulted in a more informed consent to treatment.

The Borderline Patient: Camouflage or Surgery?
One of the most difficult decisions facing the orthodontist
and surgeon is whether a patient with a borderline skeletal
discrepancy can be successfully treated with orthodontics
alone. The decision must be made from the very beginning,
however, because the tooth movement needed in ortho-
dontic preparation for surgery often is just the opposite of
what would be needed for orthodontic treatment alone
(see below).

The envelope of discrepancy (see Figure 22-3) should
be considered a starting point in making this decision. It
gives the limitations of orthodontic treatment in terms of
whether the occlusion could be corrected, not whether the
deformity could be camouflaged. For a patient whose de-
formity is within the envelope, the decision must be made
in the context of the esthetic impact of the two forms of
treatment. This is where the patient's input must be sought
and where computer simulations that the patient can un-
derstand are particularly valuable (Figure 22-22; also see
Figure 22-21). Only the patient can decide whether the es-
thetic difference between surgical correction of the jaw de-
formity and orthodontic correction of the malocclusion
would be worth it in terms of the additional risk and cost
of surgery.

Although the patient can and should decide between
the orthodontic and surgical possibilities, it remains true
that some conditions can be treated better with orthodon
tics alone than others, simply because the impact on facial
esthetics is likely to be better. Some characteristics that can
make the difference between satisfactory camouflage treat-
ment and failure are summarized in Box 22-1. This topic
has been addressed in considerable detail by Sarver.10

FIGURE 22-22

	

Computer simulation of mandibular advancement to correct se-
vere Class II malocclusion in a 35-year-old woman. Simulations of this type greatly help
patients understand the implications of alternative plans of treatment.
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Pre-surgical Orthodontics
Extraction Patterns. The critical importance of

deciding on surgery or camouflage at the beginning of
treatment is further illustrated by the difference in ex
tractions needed with the two approaches. In camouflage,
extraction spaces are used to produce dental compensa-
tions for the jaw discrepancy and the extractions are
planned accordingly. For example, with orthodontic
treatment alone, a patient with mandibular deficiency and
a Class II malocclusion might have upper first premolars
removed to allow the retraction of the maxillary anterior
teeth. Extraction in the lower arch would be avoided, or if
necessary because of leveling or alignment requirements,
the second premolars might be chosen to provide needed
arch length while avoiding retraction of the lower ante-
rior teeth.

The extraction pattern for this same patient would be
quite different if mandibular advancement were planned.
Instead of creating dental compensation for the jaw defor
mity, the orthodontic treatment now would be planned to
remove dental compensation, prior to surgical correction
of the jaw relationship. Premolar extraction in the lower
arch but not in the upper often is needed. Removal of
lower first premolars would allow leveling of the arch and
correction of the lower anterior proclination often associ-
ated with this malocclusion. Often in mandibular defi-
ciency patients the position of the upper incisors relative
to the maxilla is normal, if so, retracting them would be
undesirable. The upper arch would be treated without ex-
traction, or if some space were needed because of arch
length discrepancy, extractions (such as maxillary second
premolars) would be planned to avoid compromising the
mandibular advancement by over-retraction of the upper
anterior teeth.

A similar but reversed situation would be seen in a pa-
tient with a skeletal Class III problem. If camouflage were

planned, typical extractions might be lower first premo-
lars alone, or lower first and upper second premolars. As
a general rule, Class III problems are less amenable to
camouflage than Class 11, because retracting the lower in-
cisors may make the chin appear even more prominent,
not what is desired in camouflage (Figure 22-23). Surgi-
cal preparation of the same patient often would require
extraction of upper first premolars so that upper incisors
could be retracted, correcting their axial inclination and
increasing the reverse overjet. If space were needed in the
lower arch, second rather than first Rremolar extraction
would be a logical choice so that the lower incisors were
not retracted.

Appliance Systems. In contemporary treatment,
the fixed orthodontic appliance is used to stabilize the teeth
and basal bone at the time of surgery and during healing.
For this reason, the appliance system must permit the use
of rectangular archwires for strength and stability. Any of
the variations of the edgewise appliance and the combina-
tion Begg-edgewise appliance are acceptable. The standard
Begg appliance does not provide the control needed, even
though a ribbon archwire and special retaining pins can
provide some additional rigidity.

Ceramic brackets pose a dilemma in surgical-ortho-
dontic treatment. The appearance of these brackets makes
them appealing to esthetically-conscious adults who are
also the most likely group of patients to choose surgery, but
the brittleness of the ceramic material makes them suscep-
tible to fracture, especially with the manipulation that may
occur during the jaw surgery. If ceramic brackets are used,
they should be restricted to the maxillary anterior teeth.
The surgeon must treat them gently and be prepared to use
an alternate stabilization method if they fracture or become
dislodged.

Goals of Pre-surgical Treatment.

	

The objective of
pre-surgical treatment is to prepare the patient for surgery,
placing the teeth relative to their own supporting bone
without concern for the dental occlusion at that stage.
Since some post-surgical orthodontics will be required in
any case, it is inefficient to do tooth movement prior to
surgery that could be accomplished more easily and quickly
during or after surgery. For example, when a maxillary
osteotomy is needed for correction of a vertical or antero-
posterior problem, there is no reason to expand the arch
transversely during the pre-surgical orthodontics-this can
be done as part of the same maxillary surgery. Most patients
with deep overbite before treatment need leveling of the
lower arch by extrusion of posterior teeth, and this can be
done more quickly and easily during the post-surgical or-
thodontics (see p. 705). On the other hand, it is an error to
wait until after surgery to accomplish tooth movement
that could lead to relapse. Leveling the lower arch post-
surgically by extrusion of posterior teeth can produce un-
desirable anterior bite opening in patients who were
treated for long face, skeletal open bite problems. This
means that the treatment sequence for the patient with a
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FIGURE 22-23

	

A, Dental compensation by extraction of lower premolars was planned for this patient with
average facial height and moderate mandibular prognathism. B, Continued mandibular growth and retraction
of the lower anterior teeth combined with proclination of the upper teeth has produced reasonable dental oc-
clusion, but overall facial esthetics are compromised by the strong appearance of the chin. At this stage, the pa-
tient sought surgical treatment despite her orthodontist's opinion that everything was fine. C, Orthognathic
surgery has improved the overall facial balance. Treatment was complicated, however, by the dental compensa-
tion that had been "built in" to mask the skeletal malocclusion. Patients to be treated with orthodontic camou-
flage must be carefully selected, since the mechanotherapy and treatment objectives are the opposite of those
desired in orthodontic preparation for surgical correction.

long face pattern should be planned so that post-operative
tooth movement involves minor settling only.

These guidelines mean that the amount of pre-surgical
orthodontics can be quite variable, ranging from only
appliance placement in a few patients to 12 months or so of
treatment in others with severe crowding or protrusion.
The pre-surgical phase should almost never require more
than a year, however, unless it is delayed by waiting for
growth to be completed. The post-surgical phase of treat-
ment generally requires about 6 months, depending on the
amount of detailing needed. Another way to express the
goal of pre-surgical orthodontics is that it should prepare
the patient so that post-surgical treatment can be com-
pleted within 6 months.

Steps in Orthodontic Preparation. The essential
steps in pre-surgical orthodontics are to align the arches or
arch segments and make them compatible, and to establish
the anteroposterior and vertical position of the incisors.
Both are necessary so that the teeth will not interfere with
placing the jaws in the desired position.

Planning the leveling of the dental arches is particu-
larly important. The guideline is that extrusion generally is
done more easily post-surgically, whereas intrusion must
be accomplished pre-surgically or handled surgically. Two
common problems require special consideration: how to

level an accentuated curve of Spec in the lower arch of a
patient with deep overbite, and how to level the upper arch
in an open bite patient who has a large vertical discrepancy
between anterior and posterior teeth.

Leveling the Mandibular Arch.

	

When an accentu-
ated curve of Spee is present in the lower arch, the decision
to level by intrusion of incisors or extrusion of premolars
should be based on the desired final face height. If the face
is short and the distance from the lower incisal edge of the
chin is normal, then leveling by extrusion of posterior teeth
is indicated, so the chin will move downward at surgery.
If the incisors are elongated and face height is normal or
excessive, they must be intruded to prevent problems in
controlling face height at surgery (Figure 22-24).

Most short face, deep bite patients can benefit from
posterior extrusion. Usually it is advantageous to stage the
treatment of short face mandibular deficient patients so
that much of the leveling of the lower arch is finished after
surgery. Prior to surgery, the teeth are aligned and the
anteroposterior position of the incisors is established, but a
curve of Spec is left in all the archwires, including the
surgical stabilizing wire. This means the surgical splint
will be thicker in the premolar region than anteriorly or
posteriorly. At surgery, normal overjet and overbite are cre-
ated, and the space between the premolar teeth is corrected
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FIGURE 22-24

	

Effects of orthodontic leveling on the position of the mandible at surgery. A, Pre-
diction of correcting mandibular deficiency with no change in the presurgical position of the mandibular
incisors (i.e., post-surgical leveling of the lower arch by premolar extrusion). The lower incisors move
downward and forward into the proper relationship with the upper incisors, and the chin is projected
downward and forward. B, Prediction of correcting mandibular deficiency in the same patient after pre-
surgical leveling by intrusion of the lower incisors. The effect is a decrease in face height rather than an
increase. If the goal is to maintain or decrease face height when the mandible is advanced, pre-surgical in-
trusion is required; if the goal is to increase face height, which often is the case in mandibular deficiency
patients, pre-surgical intrusion of the lower incisors would be a serious error.

post-surgically by extruding these teeth with flat archwires.
This occurs rapidly, typically within the first 8 weeks after
orthodontic treatment resumes, because there are no oc-
clusal contacts to oppose the tooth movement. The alter-
native is to use an auxiliary wire to assist in pre-surgical lev-
eling. An auxiliary leveling wire (see Figure 16-30) can be
tied over a continuous reverse curve base archwire to in-
crease its action.

If intrusion is required, a segmented arch approach is
indicated in the pre-surgical orthodontics (see Chapters 16
and 21). For the lower arch, surgical leveling rarely is indi
cated, although a subapical osteotomy to depress the in-
cisor segment is possible. The major disadvantage of this
surgical leveling is that all teeth in the segment will be
moved the same, although leveling within the incisor seg-
ment almost always is required.

Leveling the Maxillary Arch.

	

In a patient with open
bite, severe vertical discrepancies within the maxillary arch
are an indication for multiple segment surgery. When this
is planned, the upper arch should not be leveled conven-
tionally. Leveling should be done only within each segment
(Figure 22-25), and the segments are leveled at surgery. If
a one-piece osteotomy is planned, pre-surgical orthodontic
leveling is required, but extrusion of anterior teeth before
surgery must be avoided because even mild orthodontic

relapse could cause a problem with post-surgical bite open-
ing. Segmental leveling at surgery is preferred.

Establishment of Incisor Position and Space Clo-
sure.

	

The anteroposterior position of the incisors deter-
mines where the mandible will be placed relative to the
maxilla at surgery and therefore is a critical element in
planning treatment. This is often the major factor in plan-
ning anchorage in the closure of extraction sites.

Incisor positioning before mandibular advancement
poses a special problem because different types of post-
operative tooth movement can be anticipated depending
on which type of fixation is being utilized. With wire os-
teosynthesis and maxillomandibular fixation during post-
surgical healing, the mandible may tend to slip back during
the period of approximately 6 weeks that the teeth are tied
together. This is caused by the elastic recoil of the soft tis-
sues that were stretched as the mandible was moved for-
ward (Figure 22-26). Thus, while the lower jaw moves
back, the teeth are held together in occlusion by the fixa-
tion and acrylic splint. The result is a Class 11 elastic effect
with the lower incisors being tipped forward and the upper
incisors being retracted. The amount of this movement is
related to a combination of tooth mobility from pre-
surgical orthodontics, tolerances in the fit of the archwire in
the brackets, and the mobility inherent to the intraosseous
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FIGURE 22-25

	

In preparation for maxillary segmental surgery, often it is better to level
and align the teeth only within the planned segments. A, Pre-treatment occlusal relationships in a
patient with anterior open bite, a narrow maxilla, and posterior crossbite, who was planned for
treatment with superior repositioning of the maxilla in three segments. B and C, Leveling and
alignment have been accomplished within the anterior and posterior maxillary segments, and the

segments have been stabilized. Note that for this patient, the canines are in the posterior segments.
D, Post-treatment occlusal relationships.

FIGURE 22-26

	

After mandibular advancement with wire osteosynthesis and maxillomandibular fix-
ation (MMF), the mandible tends to slip posteriorly even though the teeth are wired together (the occlusal
relationships are preserved by orthodontic tooth movement). A, Superimposition showing changes pro-
duced at surgery; B, superimposition showing changes during the next 6 months, almost all of which oc-
curred during the 6 weeks of MME Note that the mandible has slipped back 2 mm, while the upper in-
cisor has tipped back and the lower incisor has tipped forward, maintaining the occlusal relationships.
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wiring technique. These changes stop when bony union
occurs at about 6 weeks after surgery. Because the occlusal
relationships are maintained, it is not helpful to overcorrect
the occlusion at surgery and place the patient in anterior
crossbite. Any overcorrection must be done in the pre-
surgical positioning of the incisors.

With rigid fixation of the mandibular segments fol-
lowing mandibular advancement, the jaws usually are im-
mobilized for only 2 or 3 days postsurgically, and different
patterns of tooth movement are seen. Post-surgical move-
ment of the jaw, when it occurs, is often in an anterior di-
rection rather than in the posterior direction seen in wire
fixation cases. Therefore the compensatory tooth move-
ments are in exactly the opposite direction, with the lower
incisors tipping posteriorly while the upper incisors flare
anteriorly. For this reason, overcorrection of the incisor
positions in the pre-surgical orthodontics is less desirable
when rigid fixation will be employed.

When several surgical segments are planned for the
maxilla, a different consideration arises: the axial inclina-
tion of the upper incisors and canines should be established
pre-surgically so that rotation of the anterior segment at
surgery can be avoided (Figure 22-27). Otherwise, estab-
lishing correct torque of the incisors surgically will elevate
the canines above the occlusal plane, and proper post-
operative repositioning of the canines becomes difficult if
not impossible. An extraction site that will be the location
of an osteotomy cut should not be completely closed before
surgery, but up to one half of the extraction space can be
used in the course of adjusting incisor inclination without
creating difficulty for the surgeon.

Stabilizing Archwires.

	

As the patient is approaching
the end of orthodontic preparation for surgery, it is helpful
to take impressions and examine the hand-articulated mod
els for occlusal compatibility. Minor interferences that can
be corrected easily with archwire adjustments can signifi-
cantly limit surgical movement. Second molars should be
bonded to increase fixation stability, especially in segmen-
tal maxillary surgery. However, they must be positioned
carefully to avoid their extrusion, which may induce open-
ing of the bite. This is easy to overlook since they are often
out of occlusion preoperatively in patients having a sagittal
component to their malocclusion.

When any final orthodontic adjustments have been
made, the stabilizing archwires should be placed at least 4
weeks before surgery so that they are passive when the im
pressions are taken for the surgical splint (usually 1 to 2
weeks before surgery). This ensures that there will be no
tooth movement that would result in a poorly fitting splint
and potential compromise of the surgical result. The stabi-
lizing wires are full-dimension edgewise wires (i.e., 17 X 25
steel in the 18-slot appliance, 21 X 25 TMA or steel in the
22-slot appliance). Filling the bracket slot minimizes toler-
ance in the appliance system and provides the strength
needed to withstand the forces resulting from intermaxil-
lary fixation. Unless the brackets incorporate hooks, brass

FIGURE 22-27

	

In segmental maxillary surgery, it is impor-
tant to establish the correct inclination of the incisors pre-
surgically. Otherwise, it will be necessary to rotate the anterior
segment at surgery, which tends to elevate the canine off the
occlusal plane and diverge the roots at the osteotomy site.

lugs should be soldered to the archwire as attachments for
the fixation wiring (see Figure 22-29). Prefabricated ball-
hooks also may be used if welded, soldered, or carefully
crimped in place on the archwire. Sliding them over the
wire without securing them is undesirable, because they
can slip or rotate when they are used to tie the jaws together
during surgery. Tight intermaxillary fixation is necessary at
least long enough to place rigid fixation.

Patient Management at Surgery
Final Surgical Planning. When the orthodontist

considers surgical preparation completed, pre-surgical
records should be obtained. These consist of panoramic and
lateral cephalometric films, periapical films of interdental
osteotomy sites, and dental casts. Casts should be mounted
on a semiadjustable articulator if maxillary surgery is planned.
To avoid distortion, impressions are best made with the
stabilizing archwires removed. The archwires should be
passive by the time these final pre-surgical impressions for
model surgery and splints are taken.

The final planning requires a repetition of the pre-
dictions that were done initially. The difference is that the
actual orthodontic movements, rather than predictions of
this aspect, are now available. A current cephalometric
film is used to simulate surgical movements and evaluate
the resulting soft tissue profile. When satisfactory func-
tional and esthetic balance is achieved, the surgical move-
ments are duplicated in the model surgery. For cases in-
volving maxillary surgery, the movements planned with
the cephalometric treatment simulation are duplicated
and verified on articulator-mounted casts (Figure 22-28)
before fabrication of interocclusal surgical splints. It is
better for the surgeon to perform this phase, since much
insight into the final surgical design can be gained.

Splints and Stabilization.

	

We recommend the rou-
tine use of an interocclusal wafer splint made from the casts
as repositioned by the model surgery. Since this splint will
define the post-surgical result, the orthodontist and sur-
geon should review the model surgery together. In patients
requiring post-operative prosthodontic rehabilitation, the
dentist responsible for this phase of treatment should be
consulted about the acceptability of abutment and ridge re-
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FIGURE 22-28

	

Steps in model surgery for a patient who will have a total maxillary osteotomy and a
mandibular advancement. A, The casts are mounted on a semi-adjustable articulator, using a facebow
transfer. B and C, Reference lines are drawn on the mounted casts, and the distance from the mounting
rim to each cusp, and from the articulator pin to the central incisor, is recorded so that the magnitude of
all movements can be evaluated precisely. D, The upper cast is cut away from the mounting ring, using a
saw, and, E, an additional wedge of mounting material is removed, giving room to reposition the upper
cast vertically. F, The upper cast is remounted in the desired position, with the measurements checked
against the cephalometric prediction for this patient. This is the projected result of the first stage of the
surgery, and an intermediate splint is made to this mounting (after the upper cast is stabilized with plas-
ter in its final position). G, Then the casts are mounted as they will be after the second stage of the surgery,

the mandibular advancement. The second splint is made to this mounting. Note the position of the up-
per second molars, which were deliberately kept depressed during the orthodontic preparation for surgery
so there would be no problems with second molar interferences at surgery.

lationships. Minor changes in model orientation that will

facilitate subsequent treatment without compromising the

surgery can be made at this time.

Plaster mounting of the models on an articulator

avoids the possibility of relationships changing during the

laboratory procedures. The splint is made with autopoly

merizing acrylic and cured in a pressure pot to prevent dis-

tortion. It should be as thin as is consistent with adequate

strength. This means that the splint almost never should

be more than 2 mm thick at the thinnest point where teeth

are separated minimally. When the lower arch has not
been leveled presurgically, some teeth can contact through

the splint.

The splint should be trimmed on the buccal surfaces

to allow good hygiene and permit visual verification of

proper seating at the time of surgery. With rigid fixation

and early jaw mobilization, the splint should be trimmed

so that lateral movements are possible, but a solid occlusal

relationship is essential, and the patient should wear the

splint until post-surgical orthodontics resumes and the

stabilizing archwires are removed. Adding clasps to make

the splint removable for cleaning, on balance, is not a good

idea. It is a mistake to remove the splint without replacing

the stabilizing wires with lighter and more flexible arch-
wires (Figure 22-29).

Surgical Management
Today, the vast majority of dentofacial problems are treated

with variations of three surgical procedures: LeFort I max-

illary downfracture, bilateral sagittal split ramus osteotomy,
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FIGURE 22-29

	

A, Stabilizing archwires in place prior to surgery (same patient as Figure
22-7). The full-dimension steel wires (17 x 25 in the 18 slot appliance) have soldered lugs for
maxillomandibular fixation in the operating room while rigid fixation is being placed. B, Four
weeks post-surgery, with the splint in place. A 40 mil steel auxiliary wire in the headgear tubes is
being used to improve transverse stability, and the patient is functioning into the splint. C and
D, Working archwires and settling elastics after removal of the splint and stabilizing archwires.
The light posterior box elastics are worn full-time, including eating, for the first four weeks, and
typically are continued full-time except for eating for an additional four weeks. ln an open bite
patient like this one, an anterior box elastic is worn 12 hours per day for the first 8 weeks. See
Figure 22-7 for the result.

and inferior border osteotomy of the mandible to reposi-
tion the chin. The few remaining problems can be dealt
with using segmental dentoalveolar surgery and mandibu-
lar body procedures.

With the trend toward reducing health care costs,
hospital stays for modern orthognathic surgery have been
reduced considerably. Sagittal split osteotomies of the man
dibular ramus often can be performed now on a day-
op basis, without overnight hospitalization, and lower bor-
der osteotomy of the mandible almost never requires an
overnight stay. Maxillary osteotomies typically require
overnight hospitalization, and two-jaw surgery almost al-
ways requires a 1 to 2 day hospital stay. A well-qualified and
experienced nursing team is important in providing the
post-surgical care. With early discharge after jaw surgery,
telephone access to the nursing team is important. Patients
require surprisingly little pain medication, particularly
following maxillary surgery. The discomfort associated
with prolonged immobilization of the jaws has been re-
duced by the rigid fixation techniques.

Patients are advised to maintain a soft diet (i.e., milk-
shakes, potatoes, scrambled eggs, yogurt) for the first week
after surgery. Over the next 2 weeks they can progress to
foods that require some chewing (soft pasta, meat cut into

pieces), using the degree of discomfort as a guide to their
rate of progression. By 6 to 8 weeks after surgery, they
should be back on a normal diet. Note that this coincides
with the time when orthodontist can allow the patient to
eat without the use of elastics (see below).

This progression can be assisted considerably by phys-
ical therapy beginning as soon as the initial intracapsular
j oint edema is resolved-typically about 1 week post-surgi
cally. For the first week after surgery, patients are advised
to open and close gently within comfortable limits. Over
the next 2 weeks, three 10- to 15-minute sessions of open-
ing and closing exercises as well as lateral movements are
indicated. From the third to the eighth week, the range of
motion is increased. The goal is to achieve optimum func-
tion by 8 weeks. The occlusion and range of motion are
carefully monitored at weekly intervals and if problems
arise, additional physical therapy may be recommended.

With both rigid and intermaxillary wire fixation tech-
niques, it is important for the orthodontist to see the
patient shortly (within 1 week) after surgery to review the
patient's occlusal status and to check on the status of the
orthodontic appliances. The timing of post-surgical or-
thodontics depends on the surgeon's estimate of bone
healing/stability and on the patient's range of motion.



With rigid fixation, patients who have been placed on a
jaw exercise program immediately after surgery often can
open satisfactorily 2 to 3 weeks after their operation, al-
lowing for an earlier resumption of active orthodontic
treatment. With wire fixation, immobilization for 4 to 6
weeks is required, and active orthodontic treatment is de-
layed until the patient has achieved a satisfactory range of
motion, frequently 3 to 4 weeks after the release of im-
mobilization. With both fixation techniques, when jaw
function first resumes the acrylic splint is ligated to one of
the arches to key the occlusion, and light elastics are used
to guide jaw function.

Post-surgical Orthodontics
Once satisfactory range of motion and stability are achieved,
the finishing stage of orthodontics can be started. It is crit-
ically important that when the splint is removed, the stabi-
lizing archwires are also removed and replaced by working
wires to bring the teeth to their final position. This means
that usually the orthodontist, not the surgeon, should re-
move the splint. Light vertical elastics are needed initially
with these working archwires (see Figure 22-29), not so
much for tooth movement-the archwires should do
that-but to override proprioceptive impulses from the
teeth that otherwise would cause the patient to seek a new
position of maximum intercuspation. Until the stabilizing
archwires are removed, the teeth are held tightly in the pre-
surgical position. Removing the splint without allowing the
teeth to settle into better interdigitation can result in the
patient adopting an undesirable convenience bite, which in
turn complicates orthodontic finishing and could stress re-
cent surgery sites.

The type of archwire used for final settling is deter-
mined by the amount of movement needed. Minor move-
ment can be achieved rapidly using light round wires (typ
ically 16 mil steel) and posterior box elastics with an
anterior vector that supports the sagittal correction. A flex-
ible rectangular wire in the upper arch to maintain torque
control of the maxillary incisors (in 18 slot, 17 X 25 TMA;
in 22 slot, 21 X 25 M-NiTi or braided steel) often is a good
choice, with a round wire in the lower arch. Elastics can be
discontinued when a solid occlusion is established. Typi-
cally, patients wear the light elastics full-time including eat-
ing for the first four weeks, full-time except for eating for
another four weeks, and just at night for a third four-week
period. Elastics can be discontinued during the final detail-
ing of the occlusion.

Retention after surgical orthodontics is no different
than for other adult patients (see Chapters 19 and 21). De-
finitive periodontal and prosthetic treatment can follow the
establishment of the final occlusal relationships.

Post-surgical Stability and Clinical Success
The Hierarchy of Stability and Predictability in Sur-

gical Treatment.

	

The stability of orthognathic surgical
procedures has been the subject of numerous studies. Sta-

*short or normal face height only

FIGURE 22-30 The hierarchy of stability, based on the
UNC data base.29 In this context, very stable means better than a
90% chance of no significant post-surgical change; stable means
better than an 80% chance of no change and major relapse quite
unlikely; problematic means some degree of relapse likely and
major relapse possible.

bility after surgical repositioning of the jaws varies depend-
ing on the direction of movement, the type of fixation used,
and the surgical technique employed, largely in that order
of importance. In a recent review paper, the various jaw
movements possible at surgery were ranked in order of
stability and predictability (Figure 22-30). 29

The most stable orthognathic procedure is superior
repositioning of the maxilla, closely followed by mandibu-
lar advancement in patients whom anterior facial height is
maintained or increased. It is important to note that the
stability of mandibular advancement is influenced by the
pattern of rotation of the mandible as it is advanced. When
anterior facial height is decreased by rotating the mandible
so that the mandibular plane angle decreases, the gonial an-
gle tends to be pulled downward. This stretches soft tissues
in that area, and stability is compromised. For that reason,
maxillary surgery is needed when face height is decreased,
even if mandibular advancement is necessary at the same
time. The combination of moving the maxilla upward and
the mandible forward is significantly more stable when
rigid internal fixation is used in the mandible.

Forward movement of the maxilla is stable in about
80% of patients. Twenty per cent show modest relapse, but
there is almost no tendency for major relapse. In contrast,
mandibular setback often is unstable. So is downward
movement of the maxilla that creates downward-backward
rotation of the mandible. It has been suggested that in
mandibular setback, controlling the inclination of the
ramus at surgery is a key to stability. For downward
movement of the maxilla, interpositional grafting with syn-
thetic hydroxylapatite and simultaneous ramus osteotomy
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improve stability, but some degree of relapse remains likely.
In two jaw Class III surgery, the stability of each jaw
appears to be similar to that of isolated maxillary advance-
ment or mandibular setback.

Surgical widening of the maxilla is the least stable of
the orthognathic surgical procedures. Widening the max-
illa stretches the palatal mucosa, and its elastic rebound is
the major cause of the relapse tendency. Strategies to con-
trol relapse include overcorrection initially and careful re-
tention afterward, with either a heavy orthodontic archwire
or a palatal bar during the completion of orthodontic treat-
ment and then a palate-covering retainer for at least the
first post-surgical year. There are no good data to docu-
ment the effectiveness of these modifications in technique.

If the resistance of the lateral buttresses of the maxilla
is reduced by an osteotomy in that area, a jackscrew usually
can open the mid-palatal suture, even in adults, by mi
crofracture of interlocking bone spicules at the suture. Al-
though this type of surgically-assisted rapid palatal expan-
sion (SARPE) has been suggested as a more stable alter-
native to segmental Le Fort I osteotomy, the patterns of
movement resulting from the two procedures are different,
and differences in stability have not been established. One
important difference between Le Fort I segmental oteotomy
and SARPE is the pattern of expansion. With a maxillary
segmental osteotomy, expansion is typically greater in the
posterior maxilla than in the anterior maxilla. With jack-
screw expansion, whether orthopedic or surgically assisted,
the reverse occurs; there is more expansion anteriorly than
posteriorly. This difference in patterns of expansion may
contribute to some differences in stability between Le Fort
I osteotomy and SARPE.

When a choice exists between SARPE and maxillary
segmental osteotomy, an important guideline is that if the
patient will require additional maxillary surgery after trans
verse expansion has been achieved, there is little reason to
perform surgery twice. For example, the long-face patient
with a narrow maxilla who will require superior reposition-
ing of the maxilla in addition to surgical widening of the
palate, can have both procedures performed simultane-
ously, rather than increasing the risks, cost and morbidity
associated with two procedures. It appears that some re-
lapse is inevitable no matter which method of expansion is
used, and relapse should be accounted for in the initial
treatment planning.

Three principles that influence post-surgical stability
can be proposed:

1. Stability is greatest when soft tissues are relaxed
during the surgery and least when they are
stretched. Moving the maxilla upward relaxes tis-
sues. Moving the mandible forward stretches tis-
sues, but rotating it upward posteriorly and down-
ward anteriorly decreases the amount of stretch. It
is not surprising that the least stable mandibular ad-
vancements are those that lengthen the ramus and
rotate the chin up, while the most stable advance-

ments rotate the mandible in the opposite direction.
The least stable orthognathic surgical procedure is
widening of the maxilla that stretches the heavy, in-
elastic palatal mucosa.

2. Neuromuscular adaptation is an essential require-
ment for stability. Fortunately, most orthognathic
procedures lead to good neuromuscular adaptation.
When the maxilla is moved upward, the postural
position of the mandible alters in concert with the
new maxillary movement, and occlusal forces tend
to increase rather than decrease. 30 This controls
any tendency for the maxilla to immediately relapse
downward, and contributes to the excellent stability
of this surgical movement. Repositioning of the
tongue to maintain airway dimensions, (i.e., a
change in tongue posture) occurs as an adaptation
to changes produced by mandibular osteotomy.
These adaptations of the tongue, and adaptation in
lip pressures that also occur post-surgically, con-
tribute to the stability of tooth positions. 31 In con-
trast, neuromuscular adaptation does not occur
when the pterygomandibular sling is stretched dur-
i ng mandibular osteotomy, as when the mandible is
rotated to close an open bite. One would expect that
if the neuromuscular system reacts to change in the
vertical position of the maxilla, adjustment in mus-
cle length should occur when the maxilla is moved
downward just as it does when the maxilla is moved
upward. Even if the muscles adapt, however, the
stretch of other soft tissues apparently can lead to
the instability that is observed when the maxilla is
moved downward and the mandible is forced to ro-
tate downward and backward.

3. Neuromuscular adaptation affects muscular length,
not muscular orientation. If the orientation of a
muscle group such as the mandibular elevators is
changed, adaptation cannot be expected. This con-
cept is best illustrated by the effect of changing the
inclination of the mandibular ramus when the man-
dible is set back or advanced. Successful mandibular
advancement requires keeping the ramus in an up-
right position rather than letting it incline forward
as the mandibular body is brought forward. The
same is true, in reverse, when the mandible is set
back: a major cause of instability appears to be the
tendency at surgery to push the ramus posteriorly
when the chin is moved back.

It seems reasonable that by one year post-surgery both
physiological adaptation and morphological change result-
ing from the surgery should be complete (Figure 22-31).
Although most patients are quite stable long-term and av-
erage changes are small, 5-year follow-up data show a sur-
prising amount of change in the position of skeletal land-
marks beyond the first post-surgical year. Long-term
condylar resorption is of particular concern. As one would
expect, long-term condylar changes are not observed in
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FIGURE 22-31

	

Computer-generated composite superimpositions showing the long-term stability of
A, superior repositioning of the maxilla (in long-face patients), B, mandibular advancement (short and
normal face height only), C, two-jaw surgery for Class II problems (superior repositioning of the maxilla
plus mandibular advancement), and, D, two-jaw surgery for Class III problems (maxillary advancement
plus mandibular setback). Note that the mean changes are quite small for each of these treatment proce-
dures, but significant long-term changes do occur in a small number of the patients.
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patients who had maxillary surgery only. 15 At 5-year recall,
bony changes associated with shortening of the condylar
processes (which may not be associated with surgical
relapse), were observed in approximately 5 % of the rela-
tively large group of patients who underwent mandibular
advancement at UNC with or without simultaneous maxil-
lary surgery. 32,33 Surprisingly, although surgical correction
of Class III problems is less stable than Class 11 correction
in the short-term post-surgically, it appears to be more sta-
ble long-term. 34

It has not been determined why a few patients are sus-
ceptible to long-term changes. It is important to continue
to follow well-defined groups of patients who received or
thognathic surgery, to improve the quality of the data avail-
able, and to resolve questions of long-term stability.
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Adolescent-cont'd
comprehensive orthodontic treatment-

cont'd
molar relationship correction, 552-566
retention, 597-614

emotional development, 56-57
growth and development, 94-112

alignment and occlusion, 108-110
in dentofacial complex, 98-106
growth charts, 27, 28
initiation of adolescence, 94-96
teeth and supporting structures,

106-108
timing, 29, 96-98

midline diastema in, 10, 11
treatment planning, 228-234

Adrenal cortex, 95
Adrenarche, 98
Adult

adjunctive treatment, 616-643
alignment of anterior teeth, 632-641
biomechanical considerations,

618-619
crossbite correction, 641, 642
diagnostic and treatment planning,

617-618
forced eruption, 627-632
goals of, 616
timing and sequence, 215, 619-620
uprighting posterior teeth, 620-627

camouflage treatment versus surgery,
276-282,283

comprehensive treatment, 644-673
finishing and retention, 670-672
motivation, 644-655
periodontal aspects, 655-667
segmented arch technique, 668, 669,

670
space closure, 668-670
temporomandibular dysfunction,

672-673
timing, 215

emotional development, 57-58
growth and development, 110-112
midline diastema in, 10, 11
motivation for orthodontic treatment,

644-655
treatment planning, 234-238

Adult occlusal equilibrium, 83

African American population
cephalometric values, 177
incisor crowding/malalignment, 11
Index of Treatment Need, 20
occlusal contact discrepancies, 12, 13

Age
dental, 83-86, 92
developmental, assessment, 91-92

facial proportions in, 155-156
Age factors

growth, 29-30
midpalatal arch opening for arch

expansion, 257, 318
periodontal pocketing, 655

Alendronate, 308
Alignment

anterior teeth in adjunctive therapy,
632-641

arch expansion with removable
appliances for, 376-378

casting in analysis of, 166-170
changes during adolescence, 108-110
etiology in contemporary perspective,

141-142
evaluation in orthodontic classification,

187
orthodontic triage, 212
treatment

adjunctive therapy, 632-641
adolescent, 527-528, 527-545
preadolescent child, 418-429
retention, 603

treatment planning
early mixed dentition, 219-221
primary dentition, 215-216

Alizarin, 32-33
Allergy, 312, 410

mouth breathing and, 139-140
Alveolar bone

bending during normal function of
jaws, 297

creation to support implant, 316
grafts in cleft lip and palate, 289-290
orthodontic treatment effect on height

of, 315-317
American Association of Orthodontics, 4
Aminopterin, 114
Amitriptyline, 308
AMP; see Adenosine monophosphate

INDEX
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Analgesics, 312
Analysis

Bolton, 170
casting, 165-170
cephalometric, 4, 170-185, 189

counterpart analysis, 181-182
development of, 172-174
facial proportion evaluation, 164-165
in growth studies, 31
Harvoid, 179, 180
horizontal reference line, 174-176
landmarks, 172, 173
McNamara, 179-182
predicting treatment outcomes,

246,248
Sassouni, 178-179
in severe vertical problems, 190
Steiner, 176-178
template, 182-184
Wits, 179

cost-risk/benefit, 203
data, 240-245
profile, 159-163

Anatomic porion, term, 174, 175
Anatomically complete template, 183
ANB angle

headgear versus functional appliance,
263-264

Steiner cephalometric analysis, 176, 177
Anchorage

adjunctive therapy and, 618
biomechanics, 308-311
bypass arch system, 547
complex problems in mixed dentition

and, 451
distal movement of molars and,

555-558
frictional effects on, 344-347
methods to control, 347-349
segmented arch leveling, 548

Andresen's activator appliance, 365, 366
class 11 malocclusion treatment, 262

Angle, E
classification of malocclusion, 2-4,

185-186
edgewise system developed by, 343-344,

385-386
extraction and, 249

Animism, 59
A-NiTi; see Austentistic nickel-titanium
Ankylosis

mandibular growth and, 45-47
permanent tooth eruption and, 82

maxillary incisor, 23 3
i mplant for, 666, 667

primary teeth
attachment of facemask to, 513, 514
treatment, 431, 432

treatment planning, 233-234
unerupted tooth, 541

Anodontia, 118

Anomaly
cardiac, 72
orthodontic treatment and, 284-287

Anterior arch asymmetry, 453
Anterior crossbite

active plate for expansion, 377
Index Of Treatment Need treatment

grades, 18
orthodontic triage, 213, 214
resulting from mandibular shift, 155,

156, 435, 436
treatment

adolescent, 534-538
preadolescent child, 440-442, 443,

473-474
treatment planning, 216

Anterior deep bite in malocclusion
classification, 189

Anterior expansion of maxillary incisor,
377-378

Anterior face height, 139-140
Anterior nasal spine point, 172, 173
Anterior open bite

altered function in, 142
associated with thumbsucking, 135
in malocclusion classification, 189
in muscle weakness syndromes, 119
orthodontic triage, 213, 214
positioners for finishing and, 592
tongue thrust swallowing, 136, 137
treatment

during finishing, 585-586
retention, 602-603

treatment planning
early mixed dentition, 221-222
late mixed and early permanent

dentition, 231
Anterior pituitary gland

in initiation of adolescence, 94, 95
tumor in class III malocclusion

development, 118, 119
Anterior teeth; see Molar
Anteroposterior problems

maxillary deficiency treatment, 511-515,
516

orthodontic triage, 211
orthognathic surgery, 678-679
treatment planning, 217, 231

Anthropometric measurements, 30-31
in facial proportion assessment, 157,

158, 159
Anti-arrhythmic agents, 308
Antidepressants, tricyclic, 308
Antimalarial drugs, 308
Anxiety, separation, 55
Apicoectomy, 658
Apnea, sleep, 141
Apparent rotation of jaw, 102
Appliance

active tooth-borne, 368-369
adult treatment, 618, 619, 668-673

Appliance-cont'd
Begg, 342, 387, 388

alignment in adolescent, 533-534, 564
finishing, 578-580, 581
leveling, 546

bionator, 367, 368
deep bite, 267
mandibular deficiency, 488

chin cup
force prescription, 321, 322
mandibular excess, 515-517

clear, 391
combination anchorage technique,

582-583
crib, 222
Crozat, 364, 365
design factors, mechanics and, 340-344
E-arch, 385-386
as equilibrium influence on dentition, 130
fixed; see Fixed appliance
Frankel, 323, 369, 370

clinical adjustment, 375, 376
improper placement and adjustment,

487
mandibular deficiency, 488-489
transverse maxillary constriction, 509

functional; see Functional appliance
Herbst, 323, 367, 368

clinical adjustment, 375, 376
mandibular deficiency, 489-491
sliding pin and tube, 371
working bite for, 487-488

instructing young child for use, 56
jackscrew, 375

midpalatal arch opening, 257, 258,
508, 509, 535, 537

posterior crossbite in mixed dentition,
437

midpalatal suture separation, 535, 537
molar uprighting, 621-623
pendulum, 555-556, 557
presurgical, 698
removable; see Removable appliance
for space maintenance, 218
tooth-colored, 391
twin-wire, 386-387
two-couple system, 351-352

continuous, 359-360
lingual arches as, 357-358
segmented, 358-359
symmetric and asymmetric bends,

353-355
transverse movement of posterior

teeth, 355-357
utility and 2x4 arches to change

incisor position, 355, 356
visibility of, 648-649
w-arch

maxillary deficiency, 508
posterior crossbite in mixed dentition,

437



Appliance philosophy, term, 349
Appliance prescription, term, 389
Appointment schedule in mandibular

deficiency treatment, 490
Apposition of bone, 35

cranial vault, 38
fetal, 37
mandibular, 41
maxillary during adolescence, 99

Arch
Burstone torquing, 584
bypass, 546-548
casting, 165-170
depressing

for finishing, 585
for leveling, 548, 550

distortion from scarring in corner of
mouth, 128, 129

expansion; see Arch expansion
leveling, 545-549, 550
lingual, 357-358, 409-410

anterior crossbite, 473, 474
arch width maintenance after palatal

suture opening, 535, 537
class 11 camouflage by extraction of

upper first molars, 561-563
extraction site closure, 573
incisor crowding, 427-428, 452
mandibular space regaining, 424, 425,

426,458
maxillary deficiency, 508
molar rotation in class 11 treatment,

554
molar uprighting in adjunctive

therapy, 621, 622
posterior crossbite, 437-439, 537, 538
segmented arch leveling, 548
space maintenance, 420-421, 422

mandibular
lateral expansion with removable

appliance, 377
presurgical leveling, 699-700
space regaining, 458
torque prescription for straight-wire

appliance, 389
width measurements, 188

mastication effects on, 132-133
maxillary

jaw rotation and length of, 105-106
presurgical leveling, 699-700
space regaining, 457
torque prescription for straight-wire

appliance, 389
transverse expansion with removable

appliance, 377
width measurements, 188

ribbon, 386
Begg appliance as modification of, 387

utility
leveling by intrusion, 546, 547-548

width measurements, 188

Arch expansion
active plate for, 376-378
components in functional appliance,

372-373
incisor crowding in mixed dentition,

425-429
severe arch length discrepancy, 458-460

maxillary deficiency, 508-511
midpalatal arch opening for, 255-256,

317-319
in adolescent, 534-536
age factors, 317-319
maxillary deficiency, 257-260, 508-509
severe generalized arch length

discrepancy, 458
orthognathic surgery, 680, 685, 686
posterior crossbite, 436-439

Arch form, preformed, 414--416
Arch length discrepancy, severe

generalized, 458-463
Arch wire

alignment in adolescent, 527-529
with edgewise appliance, 529-533
of impacted or unerupted tooth,

539, 540
bends, 332, 333

elimination in straight wire system,
402-406,407

leveling in Begg technique, 546
in two-couple system, 353-355, 356,

357
closing loop, 347

extraction space closure in class 11
treatment, 567-571

comparison of contemporary wires,
331-334

controlling force with varying materials
and size and shape of, 336-337

elastic behavior of, 326-328
finishing

final tooth settling, 589
incisor torquing, 582-585
root paralleling, 578, 580

gold
properties of, 329
useful sizes, 336

for leveling, 545-549, 550
materials used for, 328-331
nickel-titanium, 328-331

alignment treatment in adolescent,
529-530

ceramic brackets and, 411-413
distal movement of molars, 555
surface qualities, 345
useful sizes, 336

plastic, 331
preformed, 414-416
presurgical stabilization, 702
rectangular

for impacted second molar alignment,
542
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Arch wire-cont'd
rectangular-cont'd

for initial alignment in early
permanent dentition, 528

leveling by extrusion and, 546
single molar uprighting in adjunctive

treatment, 623, 624
stainless steel, 328, 329, 332-334

surface qualities, 336
useful sizes, 336

surface quality influence on friction,
345-346

symmetric and asymmetric bends in
two-couple system, 353-355

Arch-bound, term, 589
Arm proportion in growth and

development, 26
Arthritis

cephalometric radiography, 172
mandibular asymmetry, 166
temporomandibular joint, 650
treatment planning, 284, 285

Articular point, 173
Articulator, mounting casts on, 164
Artistic positioning bend, 403
Asperities, 344-345
Aspirin, 114
Assimilation in cognitive development, 58
Asymmetric bends in two-couple system,

353-355
Asymmetric crowding, alignment with

edgewise appliance, 532-533
Asymmetric headgear, 455-456, 457
Asymmetry

anterior arch, 453
casting for assessment, 165
in hemimandibular hypertrophy, 120
after mandibular fracture, 116, 117,

150, 153
muscle dysfunction and, 117-118
normal, 157
orthognathic surgery, 686-687, 688,

689
treatment in mixed dentition, 519-522

Attached gingiva; see Gingiva
Attachment

for alignment of impacted or unerupted
tooth, 539, 540

auxiliary, 408-410
bands for, 391-397
bonded, 397-402
distance between during initial

alignment in early permanent
dentition, 529

removal, 590-591, 592
Austentistic nickel-titanium arch wire,

329-330,331
alignment treatment in adolescent, 529

in premolar extraction sites, 532
distal movement of molars, 555
molar paralleling during finishing, 580
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Austentistic nickel-titanium arch
wire-cont'd

molar uprighting in adjunctive treatment,
623

traction to reposition unerupted
permanent teeth, 472

useful sizes, 336
Autenistic nickel-titanium coil spring, 571
Autonomy, development of, 55
Autoradiography in growth pattern

studies, 34
Autotransplantation for congenitally

missing tooth, 466, 469
Auxiliary attachments, 408-410
Auxiliary depressing arch

for finishing, 585
for leveling, 548, 550

Auxiliary edgewise tube, 408, 409
Auxiliary labial hook, 408-409
Auxiliary leveling arch, 545
Auxiliary spring

anterior crossbite, 442, 473-474
for arch expansion, 370, 372

in active plates, 375
class 11 treatment in adolescent, 274, 275
controlling force with varying materials

and sizes and shapes of, 336-337
elastic behavior of, 326-328
force eruption in adjunctive treatment, 628
for individual tooth movement in

removable appliance, 378-380
activation of, 383

in one couple system, 350-351
retraction, 347
root positioning with Begg appliance,

341, 342
separating, 392, 393
single molar uprighting in adjunctive

treatment, 623, 624-625
torquing, 370, 374
unerupted tooth alignment, 541, 542, 543
uprighting, 578, 580
vertical excess, 507

Auxiliary tube, 386, 402-406, 407, 408
contemporary edgewise appliance,

402-406,407,408
frictionless retraction of canine, 574
in Herbst appliance, 371
molar uprighting in adjunctive treatment,

622
space closure with segmented arch

approach, 572,573
vertical excess, 507

B
Backward rotation of jaw, 102
Bacterial plaque, 655
Ball clasp, 382, 383
Balters-type bionator, 367, 368

Band and loop space maintainers, 418-420
Bandage for sucking prevention, 444, 445
Bands, 391-397

cementation, 395-397
fabrication and fitting, 394-395
indications, 391-392
molar uprighting in adjunctive therapy,

621-622
preformed, 394-395
removal, 590-591, 592
separation, 392, 393, 394

Baseplate trimming, 383
Basic trust, development of, 54-55
Basion, 172, 173
Begg appliance, 387, 388

auxiliary uprighting springs with, 342
Begg technique

alignment in adolescent, 533-534, 564
finishing, 578-596

adult, 670-672
to avoid relapse, 594-596
band and bonded attachment removal,

590-591,592
final settling of teeth, 588-589, 590
individual tooth adjustment, 581
midline discrepancies, 586-587
positioners, 592-593
root paralleling at extraction sites,

578-580,581
tooth size discrepancies, 587-588
torque of incisors, 581-585
vertical incisor relationship

correction, 585-586
leveling, 546
stages in, 526, 579

Behavior
development of, 48-53

assessment in diagnosis, 153-154
in developmental age assessment, 92

Bends
control of mesial tipping of molars in

2nd stage of Begg treatment, 564
elimination in straight wire system,

402-406,407
leveling in Begg technique, 546
properties of wire in, 332, 333
in two-couple system

for lingual arches, 357
symmetric and asymmetric, 353-355
for transverse movement of posterior

teeth, 356
Beta-titanium arch wire, 329, 331, 332-334

alignment therapy in adolescent, 529
ceramic brackets and, 411-413
in distal movement of molars, 555
for finishing

incisor torquing, 583-584, 585
root paralleling, 580

molar uprighting in adjunctive
treatment, 623, 624

Beta-titanium arch wire-cont'd
surface qualities, 345
useful sizes, 336

Bilateral sagittal split osteotomy, 679
Bimaxillary dentoalveolar protrusion,

161, 162
Bioelectric potential, 299
Biomechanics of orthodontic treatment,

295-325
adjunctive therapy, 618-619
alveolar bone height and, 315-317
anchorage and its control, 308-311
growth modification, 317-323, 324
mobility and pain, 311-312
periodontal ligament and bone

responses, 298-308
pulp and, 312-313
root structure and, 313-315

Bionator appliance, 367, 368
deep bite, 267
mandibular deficiency, 488

Birth
facial development and, 69-72
injuries as cause of malocclusion, 114-116
low birth weight, 72, 73

Bisphosphonates, 308
Bite; see also Crossbite

deep
epidemiology, 12, 13
in malocclusion classification, 189
retention, 601, 602
surgery, 680
treatment, 475
treatment planning, 217-218,

231-233,266,267
open

altered function in, 142
anterior; see Anterior open bite
associated with thumbsucking, 135
defined, 10
epidemiology, 9, 10, 12, 13
in hemimandibular hypertrophy, 120
in malocclusion classification, 189
in muscle weakness syndromes, 119
orthodontic triage, 213, 214
positioners for finishing and, 592
posterior; see Posterior open bite
surgery, 679-685
thumbsucking and, 445-446, 447
tongue thrust swallowing, 136, 137
treatment, retention of, 602-603
treatment during finishing, 585-586
treatment planning, 217-218,

221-222,231
Sunday, 155
wax, 164
working

class 11 malocclusion treatment,
485-488

class III functional appliance, 518



Bite blocks, 370, 373
long face, 269, 503-508
palatal expander with, 535, 536
short face, 491, 494

Bite registration in functional appliance
management, 374

Biteplate appliance, 440, 475
Bitewing radiography, 163
Biting force, eruption and, 133, 134
Black population

cephalometric values, 177
incisor crowding/malalignment, 11
Index of Treatment Need, 20
occlusal contact discrepancies, 12, 13

Block, bite, 370, 373
long face, 269, 503-508
palatal expander with, 535, 536
short face, 491, 494

Blood flow within periodontal ligament,
300-302,303-304

Bodily movement
extraction site closure with closing

loops, 568
first molar distalization after second

molar extraction, 558-559
during jaw rotation, 105
midline shift requiring, 453
of molars for space regaining, 455, 457
optimum forces for, 304

Body fat, menarche and, 97
Body proportion changes during normal

growth and development, 25
Body size, timing of puberty and, 96
Boley gauge, 166, 488
Bolton analysis, 170
Bolton growth study, 127, 174, 245
Bolton point, 173
Bolton template, 183-184
Bonding, 397-402
Bone

creation of to support implant, 316
grafting

in cleft lip and palate, 289-290
in future implant area, 664-665, 666

growth and development
during adolescence, 96-97
arrest at birth, 71
fetal, 35-37
growth control theories, 42-48
Scammon's curves for, 26
sites and types of growth, 38-42

orthodontic treatment effect on height
of, 315-317

response to normal function, 296-298
Wolff's law of, 249,250

Bone scan in hemifacial microsomia, 286,
287

Bow
buccinator, 370-372
facebow, 374

Bow-cont'd
facebow-cont'd

to change molar relationship in mixed
dentition, 454-455

maxillary excess, 499-501
maxillary space regaining, 457
posterior crossbite, 536
steps for fitting, 499-505

labial, 370, 373-374
Hawley, 378-379
in maxillary dental protrusion, 444

Box loop
asymmetric crowding in early permanent

dentition, 533
root paralleling during finishing, 580

Bracket
Damon SL, 389, 390
extraction space closure, 567-571,

573-574,575
finishing

incisor torquing, 583-584, 584-585,
585

root paralleling, 580
leveling, 545-546
Lewis, 388
materials for, 410-414
maximum incisor retraction, 574-576
molar uprighting in adjunctive treatment,

621-622,624
placement in adjunctive therapy, 618, 619
placing torque in, 406, 407
rebonding during finishing, 581
removal, 590-591, 592
self-ligating, 389, 390
slot size, 343-344, 388, 407, 408
SPEED, 389
in straight wire appliance, 402-406, 407
surface quality influence on friction,

345-346
surgical-orthodontic treatment, 698
twinlock, 390
width, 406-407

in root position control, 343
Bracket slot

in extraction space closure, 567-571,
573-574,575

leveling and, 545
sizes of, 343-344, 388, 407, 408

Bracket torque angle, 407
Brader arch form, 415-416
Brain

growth, cranial vault growth and, 45
in initiation of adolescence, 94, 95

Brass wire
band separation with, 392, 393
de-impaction of mandibular second

molar, 542
maxillary first molar ectopic eruption,

433
Breast development, 96
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Breathing; see Respiration
Bridge for missing permanent teeth, 465
BSSO; see Bilateral sagittal split

osteotomy
Buccal loop, 379
Buccal shield, 370, 372

mandibular deficiency, 488-489
Buccinator bow, 370-372
Burlington growth study, 174, 242, 245
Burstone canine bracket, 408, 409
Burstone segmented arch technique, 548,

572
Burstone torquing arch, 584
Button attachment

for alignment of impacted or unerupted
tooth, 539

class 11 camouflage by extraction of
upper first molars, 561

lingual, 410
molar uprighting in adjunctive

treatment, 622
Bypass arch for leveling, 546-548

C
Calcium hydroxide, 476
Caliper, 158
Calvarium, head distortion during birth

and, 70, 71
Camouflage treatment, 276-279, 280

extraction of upper first premolars,
561-564

surgery versus, 697, 698
cAMP; see Cyclic adenosine

monophosphate
Canine

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
bracket placement for molar uprighting

in adjunctive treatment, 622-623
chronology of development

permanent dentition, 83, 84, 85
primary dentition, 70

disking to reduce anterior crowding,
422-423,424

early loss in primary dentition, 216
space maintenance, 219

eruption
ectopic, 223-224, 225, 435
permanent dentition, 83, 84, 85, 86
premature as complication of serial

extraction, 462
primary dentition, 70, 76
same time as maxillary first premolar,

86
extraction

anterior crossbite, 440, 442
to reduce anterior irregularity, 427
serial, 227, 461
space provided by, 229
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Canine-cont'd
fusion with incisor, 121
interference leading to mandibular shift,

436
resorption

extrusion, 631
from lateral incisor ectopic eruption,

431-432
during orthodontic therapy, 314

segmented retraction with frictionless
springs, 574, 575

sliding space closure in 22-slot edgewise,
571

space relationships in replacement, 89-91
torque prescription for straight-wire

appliance, 389
unerupted

apically positioned flap for exposure,
539

attachments for alignment, 540, 541
lower incisor width prediction of, 168

width changes during adolescence, 101
Canine-to-canine retainer, 607, 608,

612-613
Cantilever spring, 350-351
Carbide bur, 591, 592
Cartilage

as craniofacial growth determinant,
42-45

growth and development, 35-36
during adolescence, 96-97

Case, C, 251
Case report, 241
Case series, 241
Cast restoration, 657
Cast stainless steel bracket, 410
Casting

adjunctive treatment planning, 617
analysis, 165-170
clinical evaluation of occlusion,

163-164
functional appliance management, 374

mandibular deficiency, 485-488, 489
CAT appliance; see Combination

anchorage technique appliance
Cementation, 395-397
Cementoclast, 297
Cementum, tooth movement and,

313,314
Center

growth, 42
ossification, 36
resistance, 340, 619
rotation, 340

Central incisor
bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83
primary dentition, 70

Central incisor-cont'd
eruption

permanent dentition, 83
primary dentition, 70, 76

extraction, space provided by, 229
root resorption during orthodontic

therapy, 314, 315
supernumerary, 121
torque prescription for straight-wire

appliance, 389
Cephalocaudal gradient of growth, 25

during adolescence, 97
Cephalometric analysis, 4, 170-185, 189

counterpart analysis, 181-182
development of, 172-174
facial proportion evaluation, 164-165
in growth studies, 31
Harvoid, 179, 180
horizontal reference line, 174-176
landmarks, 172, 173
McNamara, 179-182
predicting treatment outcomes, 246, 248
presurgical patient, 696-697
Sassouni, 178-179
in severe vertical problems, 190
Steiner, 176-178
template, 182-184
Wits, 179

Ceramic bracket, 391, 411-414
debonding, 402, 413-414, 590, 591
esthetic considerations, 648, 649
fracture, 411
surface qualities, 345
surgical-orthodontic treatment, 698

Cerebral palsy, 118
Cervical headgear in vertical deficiency,

491,492
Cheek, equilibrium effects on dentition,

128-129,130
Cheek shield, 370, 372
Chemical messenger in tooth movement,

300, 301, 302
Chewing; see Mastication
Chief complaint, 149, 150, 192
Child; see also Preadolescent; Primary

dentition
fontanelles, 38
growth and development; see Growth

and development
jaw fractures in, 116-117
orthodontic treatment, 417-524

anterior crossbite, 440-442, 443
complex problems, Complex

nonskeletal problems
crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
facial asymmetry, 519-522
mandibular deficiency, 481-493, 494
mandibular excess, 515-518

Child-cont'd
orthodontic treatment-cont'd

maxillary deficiency, 508-515, 516
maxillary dental protrusion, 444-445
maxillary excess, 494-508
maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439, 440, 441

orthodontic triage, 208-212, 213
social and behavioral development,

48-61
cognitive development, 58-61
emotional development, 53-58
learning and, 49-53

Chin
genioplasty, 282, 283, 689-691, 695
prominence in mandibular growth, 100

Chin cup appliance
force prescription, 321, 322
mandibular excess, 515-517

Chinese population, cephalometric values,
177

Chin-face height, 159
Chloroquine, 308
Chondrocranium, fetal development,

35-36
Chromium in stainless steel alloy, 328
Chronic illness, growth and development

and, 72, 73
Cigarette smoking

maternal, cleft lip and palate formation,
69

as teratogen affecting dentofacial
development, 114

Circadian rhythm, 80, 81
Circumferential clasp, 382-383
Circumferential supracrestal fibrotomy,

595-596
Clasp, 370, 373, 380-383

in active plates for arch expansion, 375
in maxillary space regaining, 424, 425

Class I malocclusion
classification, 3, 4, 185-186, 188-189
dental development disturbances in

development of, 118-125
extraction guidelines, 256

Class II elastics
distal movement of molars, 557-558
in finishing

incisor torquing, 582
midline discrepancy correction,

586, 587
leveling by intrusion, 546
mandibular deficiency, 483, 486
molar correction with, 565-566
rebound after treatment, 594
rotation of occlusal plane with, 565, 566
used simultaneously with intra-arch

elastics for space closure and molar
relationship correction, 564



Class 11 malocclusion
camouflage treatment in adults, 276, 277

versus surgery, 281-282
classification, 3, 4, 185-186, 188-189
facial profile in, 159, 160
hand-wrist films in, 150-153
in hemimandibular hypertrophy, 120
orthodontic triage, 211
playing musical instrument as cause

of, 130
prevalence, 10-13
therapeutic diagnosis, 248
trauma to upper incisors in, 17
treatment, 5, 6, 7, 8, 9, 481-493, 494

in adolescents, 552-554
force prescription for headgear,

319-321
patient involvement in planning of,

204-205
randomized clinical trials, 243-244
rebound after, 588-589, 594
retention, 600-601
surgical, 281-282, 696

treatment planning, 260-269, 270,
272-276

working bite for, 485-488
Class III elastics

anchorage preparation in Tweed
technique, 574

midline discrepancy correction during
finishing, 586, 587

rotation of occlusal plane with, 565, 566
Class III malocclusion

acromegaly in development, 118, 119
camouflage treatment, 276-277, 280,

281
classification, 3, 4, 185-186, 188-189
facial profile in, 159, 160
genetic factors, 127
orthodontic triage, 211
playing musical instrument in

prevention, 130
prevalence, 10-13
treatment

in mixed dentition, 515-518
rebound after, 588-589, 594
relapse after, 599
retention, 600-601
surgical, 696

treatment planning, 270-272
Classical conditioning, 49-50
Classification, 2-4, 185-191
Clear appliance, 391
Cleat, 410

molar uprighting in adjunctive
treatment, 622

Cleft lip and palate
embryonic development, 66-69
intrauterine molding and, 114
treatment planning and, 287-291, 292

Cleidocranial dysplasia
multiple supernumerary teeth in,

121-122
permanent tooth eruption in, 78

Clenching
malocclusion and, 16
temporomandibular dysfunction and,

653, 655
Clinical evaluation, 154-165, 192

facial proportions, 155-163
jaw and occlusal function, 154-155,

156
oral health, 154

Clinical significance in data analysis,
242-243

Clinical trial, 241-242
of 1990s, 263-267

Clip-on retainer, 605-607, 612-613
Clockwise rotation of jaw, 102
Closing loop, 347

for extraction space closure, 567-571
retraction of protrusive maxillary

incisors and space closure, 464
Coaxial multistranded steel wire

alignment of lower incisor, 530
Cobalt-chromium arch wire, 328, 329

useful sizes, 336
Cognitive development, 58-61
Coil spring

first premolar retraction in second
premolar extraction case, 571

molar uprighting in adjunctive
treatment, 624-625

Collagen
maturation in permanent tooth

eruption, 78
in periodontal ligament, 297
posttreatment reorganization, 598

Combination anchorage technique
appliance, 582-583

Complex nonskeletal problems,
449-477

crossbites of dental origin, 472-475
deep bite, 475
eruption problems, 470-472, 473
excess space, 463-466, 467, 468, 469
space deficiency, 452-463
special considerations, 449-451
traumatic displacement, 476

Components approach to functional
appliance, 369-374

mandibular deficiency, 488-489
Composite plastic

arch wire, 331
bracket, surface qualities, 346

Composite resin build-up for tooth size
discrepancy, 587, 588

Composition in study design, 242
Comprehensive orthodontic treatment,

525-614
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Comprehensive orthodontic treatment-
cont'd

in adults, 644-673
finishing and retention, 670-672
motivation, 644-673
periodontal aspects, 655-667
segmented arch technique, 668, 669,

670
space closure, 668-670
temporomandibular dysfunction,

672-673
alignment, 527-545
closure of extraction spaces, 567-577
correction of molar relationships,

552-566
differential anteroposterior tooth

movement using extraction spaces,
561-565

differential growth in adolescent and,
552-554

with inter-arch elastics, 565-566
finishing, 578-596

to avoid relapse, 594-596
band and bonded attachment removal,

590-591,592
final settling of teeth, 588-589, 590
individual tooth adjustment, 581
midline discrepancies, 586-587
positioners, 592-593
root paralleling at extraction sites,

578-580,581
tooth size discrepancies, 587-588
torque of incisors, 581-585
vertical incisor relationship

correction, 585-586
leveling, 545-549, 550
retention, 597-614

active retainers, 610-614
fixed retainers, 607-610
occlusal changes related to growth,

599-604
removable appliances as retainers,

604-607
reorganization of periodontal and

gingiva tissue, 597-599
Compromise in treatment possibility

evaluation, 202-203
Computed tomography, 163

in disk displacement, 654
Computer

i n cephalometric analysis, 172, 173,
246

template analysis with, 184
clinical data organization, 245
for dental cast analysis, 166
i n prediction of facial changes from

alternative treatment plans,
205-206,696-697

Concrete operations period of cognitive
development, 59
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Conditioning
classical, 49-50
operant, 50-52

Condyle
arthritic degeneration, 653
endochondral ossification, 43
fetal development, 37
fracture, 44-45, 116-117, 150, 153, 518,

519-522
hyperplasia, 118

Condylectomy in hemifacial microsomia,
286

Congenital abnormalities
fetal development of, 64-69
growth and development and, 72, 73
missing teeth, 118, 120

Congenital heart defect, 72
Consent, informed, 696-697
Contact, two point, 340-343
Contact point displacement, 18
Continuous arch system, 359-360
Continuous force classification, 306, 307
Control groups, 241-242
Cooperation of patient, 153

in complex nonskeletal problems in
preadolescents, 450

Copper in precious metal alloy, 328
Cortical anchorage, 310-311
Corticosteroids, 308
Cost-risk/benefit analysis, 203
Counterclockwise rotation of jaw, 102
Couple

one-couple system, 350-351
two-couple system, 351-352

continuous, 359-360
lingual arches as, 357-358
segmented, 358-359
symmetric and asymmetric bends,

353-355
transverse movement of posterior

teeth, 355-357
utility and 2x4 arches to change

incisor position, 355, 356
Cranial base growth and development,

38-39,48
Cranial suture, 38

early closure of, 69
growth control and, 42

Cranial vault
growth and development

growth of brain and, 45
sites and types, 38

Craniofacial complex growth
during adulthood, 110-112
control theories, 42-48
sites and types, 38-42

Craniometry, 30
Cranium proportion in growth and

development, 25, 26
Crib appliance, 222

Crossbite
active plate for expansion, 377
anterior; see Anterior crossbite
defined, 10
epidemiology, 9, 10
Index of Treatment Need grades, 18
in malocclusion classification, 187
orthodontic triage, 212, 213, 214
posterior; see Posterior crossbite
resulting from mandibular shift, 155,

156, 435, 436
treatment

adjunctive, 641, 642
adolescent, 534-538
orthognathic surgery, 680, 685, 686
preadolescent child, 435-442, 443,

472-475
soft tissue rebound, 594
two-couple system for, 355-357

treatment planning, 216
adult, 236
early mixed dentition, 221, 222
primary dentition, 216

Cross-elastic treatment
crossbite, 439, 440, 538
midline discrepancies, 587

Cross-sectional growth study, 31, 32
Crouzon's syndrome, 69, 70
Crowding

arch expansion with removable
appliances for, 376-378

casting in analysis of, 166-170
epidemiology, 11, 14
etiology in contemporary perspective,

141-142
mandibular incisors during adolescence,

108
orthodontic triage, 212
treatment

adjunctive therapy, 632-641
adolescent, 529-533
preadolescent child, 418-429

treatment planning
late mixed dentition and early

permanent dentition, 229, 230
primary dentition, 215-216

Crown
fracture, forced eruption for improving

restorative procedures, 628
growth and development

permanent dentition, 83, 86
primary dentition, 70

Crozat appliance, 364, 365
CSF; see Circumferential supracrestal

fibrotomy
CT; see Computed tomography
Cultural factors; see Ethnic factors
Cu-NiTi; see Austentistic nickel-titanium
Curve

activation, 330

Curve-cont'd
deactivation, 330
distance, 29, 31-32
exponential, 32
force-deflection, 327, 330, 331, 529
logarithmic, 32
Scammon's, 25, 26, 95
of Spee, 526

in anterior open bite correction during
finishing, 586

in leveling by extrusion, 545
unloading, 330
velocity, 29, 31-32

Cyclic adenosine monophosphate, 301
Cytokines, 302
Cytomegalovirus, 114

D
Damon SL bracket, 389, 390
Data analysis, 240-245
Database in problem-oriented approach,

148
Deactivation curve for nickel-titanium

wire, 330
Debonding, 401-402, 590-591, 592

ceramic bracket, 413-414
Deep bite

epidemiology, 12, 13
in malocclusion classification, 189
retention, 601, 602
surgery, 680
treatment, 475
treatment planning, 266, 267

during finishing, 585
late mixed and early permanent

dentition, 231-233
primary dentition, 217-218

Deep bite bionator, 267
Deflection, 326, 327
Degenerative joint disease, 650
Dehiscence of soft tissue, 154
Dehydroepiandrosterone, 98
Delaire face mask, 270, 271, 511
Delayed eruption, 470-472, 473
Delta-shaped loop, 569-570
Dental age, 83-86, 92
Dental arch; see Arch
Dental casting

adjunctive treatment planning, 617
analysis, 165-170
in clinical evaluation of occlusion,

163-164
functional appliance management, 374

mandibular deficiency, 485-488, 489
Dental crowding

arch expansion with removable
appliances for, 376-378

casting in analysis of, 166-170
epidemiology, 11, 14



Dental crowding-cont'd
etiology in contemporary perspective,

141-142
mandibular incisors during adolescence,

108
orthodontic triage, 212
treatment

adjunctive therapy, 632-641
adolescent, 529-533
preadolescent child, 418-429

treatment planning
late mixed dentition and early

permanent dentition, 229, 230
primary dentition, 215-216

Dental history in diagnosis, 150, 151-152, 153
Dental occlusion

changes during adolescence, 108-110
clinical evaluation, 154-155, 156

diagnostic records for, 163-164
equilibrium theory and, 128-132
final settling of teeth into, 589

positioners for, 592-593
line of, 2, 3
normal, classification of, 3, 4
physiologic versus pathologic, 616

Dentin, tooth movement and, 313, 314
Dentition

development disturbances
as cause of malocclusion, 118-125
orthodontic triage, 211-212

equilibrium effects on, 128-131
evolutionary trends, 14
mixed; see Mixed dentition
permanent; see Permanent dentition
primary; see Primary dentition

Dentofacial complex
equilibrium theory and, 132-141
growth patterns during adolescence,

98-106
Dentofacial deformity treatment

changing goals of, 2-9
demand for, 20-21
history, 2-4
need for, 15-20
patient involvement, 4

Dentofacial orthopedics; see

Orthodontics
Dentofacial Planner, 173
Depressing arch

for finishing, 585
for leveling, 548, 550

Determinate force system, 349-352
Development, 24-112

adolescent, 94-112
alignment and occlusion, 108-110
dentofacial complex, 98-106
initiation of adolescence, 94-96
teeth and supporting structures,

106-108
timing of puberty, 96-98

Development-cont'd
adult, 110-112
assessment in diagnosis, 150-153
birth and, 69-72
control theories, 42-48
defined, 24
fetal, 63-72
growth sites, 38-42

growth centers versus, 42
mixed dentition years, 77-92

eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

nature of, 35-37
pattern, variability, and timing, 25-30
primary dentition years, 72-77
social and behavioral, 48-61

cognitive development, 58-61
emotional development, 53-58
learning and, 49-53

studying methods, 30-35
Developmental age assessment, 91-92

facial proportions in, 155-156
DFP; see Dentofacial Planner
DHEA; see Dehydroepiandrosterone
Diabetes mellitus, 284
Diagnosis, 145-196

adjunctive therapy, 617-618
clinical evaluation, 154-165

facial proportions, 155-163
jaw and occlusal function, 154-155,

156
oral health, 154

diagnostic records, 163-185
adjunctive treatment, 617
cast analysis, 165-170
cephalometric analysis, 170-185
orthodontic classification, 185-191
problem list development, 190, 191,

192, 193, 194
types, 163-165

questionnaire/interview, 149-154
sequence, 147
therapeutic, 248-249

Diaphysis, fetal development, 36
Diastema

defined, 10
epidemiology, 9, 10, 11
retainers for maintenance, 608-609
treatment, 429-430, 463, 464

adjunctive therapy, 640-641
adolescent, 542-545

in ugly duckling stage of development,
89

Diet
i n malocclusion prevalence, 15, 108-109,

132-133
in physical growth and development,

72-74
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Digit sucking, 445
Dilaceration, 78

caused by trauma, 124-125
Dilantin, 114
Direct apposition of bone, 35
Direct bonding technique, 397-399
Diseases of civilization, term, 14
Disk displacement, 650, 651
Disking of primary incisor or canine to

reduce anterior crowding, 422-423,
424,452

Displacement
contact point, 18
disk, 650, 651
tooth, traumatic, 124-125

Distal drift, 124
Distal movement of upper molar,

554-560
Distal shoe space maintainer, 420, 421
Distal step, 217
Distance curve, 29, 31-32
Distraction osteogenesis, 47-48
Divergence of face, 160
Downfracture, LeFort 1, 674, 675,

679-680,681
Downs analysis, 172, 174
Doxepin, 308
Doxycycline, 308
Drag loop, 532
Drift, first molar, 123-124, 219
Drugs

effects on orthodontic force, 306-308
neural crest impairment induced by,

64-66
Dysfunction

muscle
as cause of malocclusion, 117-118,

119
facial asymmetry and, 117-118

speech, 16
temporomandibular

malocclusion as cause of, 16
need for treatment and, 207-208,

650-655,672-673
premolar extraction and, 276
surgery and, 694-695

Dysostosis, mandibulofacial, 65
Dysplasia

cleidocranial
multiple supernumerary teeth,

121-122
permanent tooth eruption, 78

ectodermal, 118, 120
Dystrophy, muscular, 118

E
E space, 452
E-arch appliance, 385-386
Early permanent dentition
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Early permanent dentition-cont'd
comprehensive orthodontic treatment,

525-614
alignment, 527-545
closure of extraction spaces, 567-577
correction of molar relationships,

552-566
finishing, 578-596
leveling, 545-549, 550
molar relationship correction, 552-566
retention, 597-614

Economic factors in demand for
orthodontic treatment, 20-21

Ectoderm, 63
dysplasia, 118, 120

Ectopic eruption, 122-123
delayed first molar eruption and, 427,

428
treatment, 431-435
treatment planning, 222-223

Edgewise system
alignment of symmetric crowding in

adolescent, 529-533
Angle's progression to, 385-386
closing loops for, 569-572, 573
effects of bracket slot size in, 343-344
evolution, 387-391
extraction space closure, 567-572, 573
finishing

incisor torquing, 583
with positioners, 592-593
root paralleling, 578-580, 581

leveling by intrusion, 546
Egocentrism, 59
18 slot bracket, 407

extraction space closure, 567-571,
573-574,575

in finishing
incisor torquing, 584-585
root paralleling, 580

leveling by extrusion, 545
18-18 stainless steel, 328
Elastic limit, term, 327
Elastic material, basic properties of,

326-328
effects of size and shape on, 334-337

Elastics
anchorage preparation in Tweed

technique, 574
in complex problems of mixed dentition,

451
crossbite, 439, 440, 538
extraction site closure, 573-574
finishing

anterior open bite correction, 586
final settling of teeth, 589, 590
incisor torquing, 582
midline discrepancy correction, 586,

587
leveling by intrusion, 546

Elastics-cont'd
mandibular deficiency, 483, 486
midline discrepancies, 586-587
molar correction in adolescent, 557-558,

564,565-566
rebound after treatment, 594
rotation of occlusal plane with, 565, 566

Elastomeric module, 338
Elastomeric ring

adult treatment, 657-658
band separation, 392, 394
maxillary first molar ectopic eruption, 433

Electric signal in initiation of tooth
movement, 298-300

Electrothermal instrument for ceramic
bracket removal, 591

Elgiloy; see Cobalt-chromium
Embryologic development, 63-69, 70

disturbances in development of
malocclusion, 113, 114

Emotional development, 53-58
Emotional factors in growth and

development, 72, 73
Enamel

damage from debonding brackets, 590
neonatal line, 71-72
stripping

incisor to reduce mediodistal width, 611
in midline discrepancy, 587

Endochondral ossification
cranial base, 38
mandible, 40, 43

Endocrine system in initiation of
adolescence, 94

Endodontic treatment, 282-283, 312,
657,658

Enlow's counterpart, 181-182
Enucleation, 462
Envelope of discrepancy, 675-678
Environmental factors

malocclusion development, 127-141
crowding and malalignment, 141-142
equilibrium theory and, 128-132

sexual maturation, 74
ti ming of puberty, 97

Epigenetic, defined, 42
Epiphyseal plate

body size and, 96
fetal development, 36

Epiphysis, fetal development, 36
Equilibrium

adult occlusal, 83
juvenile occlusal, 81

Equilibrium theory, 128-141
effects on dentition, 128-131
effects on jaw, 131-132
mastication in, 132-133, 134
respiratory pattern and, 137-141
sucking and other habits, 134-135
tongue thrusting, 135-137

Erikson's stages of emotional development,
53-58

Eruption
biting force and, 133, 134
ectopic, 122-123

delayed first molar eruption and,
427,428

treatment, 431-435
treatment planning, 222-223

forced in adjunctive therapy, 627-632
forces opposing, 81-82
interaction between jaw rotation and,

104-106
interference with as cause of

malocclusion, 122-123
passive of gingival attachment, 107
permanent teeth, 77-86

postemergent eruption, 78-83
preemergent eruption, 77-78, 79
sequence and timing, 83-86
space relationships in, 86-91

primary failure of, 78
treatment planning, 233, 234

primary teeth, 70, 76-77
problems with; see Eruption problems
role of periodontal ligament in, 298
thumbsucking and, 135

Eruption problems
treatment, 430-431, 470-472, 473
treatment planning, 232, 233

Esthetics
clinical evaluation, 155
considerations in orthognathic surgery,

677
emphasis in treatment, 4
evaluation in orthodontic classification,

186
extraction and, 253-254
gingival in adult treatment, 659-660
premolar extraction effect on, 276

Estrogen secretion, 95
Estrogen therapy, 308
Etching agent, 397, 398
Ethnic factors

cephalometric values, 177
divergence of face, 160
Index of Treatment Need, 20
lip prominence, 161
malocclusion, 13, 142

incisor crowding/malalignment, 11
occlusal contact discrepancies, 12,

13
physical growth rate, 97

Ethyl alcohol, 114
Etiology of orthodontic problems

childhood fractures of jaw, 116-117
congenitally missing teeth, 118, 120
contemporary perspective, 141-142
early loss of primary teeth, 123-124
embryologic disturbances, 113, 114



Etiology of orthodontic problems-cont'd
environmental influences, 127-141

equilibrium theory, 128-132
masticatory function, 132-133, 134
respiratory pattern, 137-141
sucking and other habits, 134-135
tongue thrusting, 135-137

eruption
ectopic, 122-123
interference with, 122

fetal molding and birth injuries,
114-116

genetic influences, 125-127
malformed and supernumerary teeth,

121-122
muscular dysfunction, 117-118, 119
traumatic displacement of teeth,

124-125
European removable appliance

orthodontics, 365-366
Evidence for clinical decisions, 240-245
Evolution, 14-15
Examination, 154-165, 192

facial proportions, 155-163
jaw and occlusal function, 154-155, 156
oral health, 154

Exceptional personality, 648
Excess

mandibular
treatment planning, 271-272

maxillary, 494-508
space, 463-466, 467, 468, 469
vertical, 501-508

Exercise, mouth breathing and, 138
Expansion, arch

active plate for, 376-378
components in functional appliance,

372-373
incisor crowding in mixed dentition,

425-429
severe arch length discrepancy,

458-460
maxillary deficiency, 508-511
midpalatal arch opening for, 255-256,

317-319
in adolescent, 534-536
age factors, 317-319
maxillary deficiency, 257-260,

508-509
severe generalized arch length

discrepancy, 458
orthognathic surgery, 680, 685, 686
posterior crossbite, 436-439

Expansion activator appliance, 368, 369
Expansion screw and spring, 370, 372
Expert, unsupported opinion of, 241
Exponential curve, 32
External jaw rotation

during adolescence, 101-106
during adulthood, 110

Extraction, 249-256
Angle's opposition, 3

reintroduction after, 4
ankylosed primary teeth, 431, 432
anterior crossbite treatment, 440, 442
anterior irregularity treatment, 427
for camouflage treatment, 276-279, 280
class 11 treatment in adolescent,

274-276
closure of premolar extraction site, 348,

349
contemporary perspective, 142
controversy in 1920s, 249-251
presurgical, 698, 699
serial

for severe crowding, 460-463
treatment planning, 227-228

Extraction space
closure of, 567-577

versus prosthetic replacement,
660-666,667

differential anteroposterior tooth
movement using, 561-565

root paralleling at, 578-580, 581
Extraoral force

for anchorage reinforcement, 348
in bypass arch system, 547

asymmetric, 455-456
canine retraction, 563, 575, 576
to change molar relationship in mixed

dentition, 454-455
class 11 malocclusion, 260, 261, 263-267,

483, 485, 486
in adolescence, 273-274, 552
camouflage by extraction of upper first

premolars, 561-563
force prescription, 319-321
with normal face height, 267-268
retention after, 600, 601

distalization of first molars after second
molar extraction, 558

extraction site closure, 573-574
mandibular excess, 515-517
maxillary excess, 494-501, 502
open bite relapse control, 603
vertical deficiency, 490, 491
vertical excess

with bite block, 505-508
to maxillary splint, 502, 504
to molars, 501-502, 503

Extremity proportion in growth and
development, 26

Extrusion
forced eruption, 627-632
leveling by, 545-546
one-couple system for, 351
optimum forces for, 304, 305

Eye
proportional width assessment, 157
wide separation of, 70
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F
Fabrication of bands, 394-395
Face

asymmetry
in hemimandibular hypertrophy, 120
after mandibular fracture, 116, 117,

150,153,284-285,286
muscle dysfunction and, 117-118
orthodontic triage, 209-211
treatment in mixed dentition, 519-522

divergence of, 160
growth and development, 63-72

in adults, 110-112
embryologic, 63-69, 70
proportion in, 26
vertical, jaw rotation and, 102-103

proportions; see Facial proportions
Face height, 159

in allergy and adenoidectomy, 139-140
excessive; see Long face
jaw rotation and, 104
lower in Harvold cephalometric analysis,

180
in muscle weakness syndromes, 119
reduced; see Short face

Face mask, 270, 271, 511-513
Facebow, 374, 498

to change molar relationship in mixed
dentition, 454-455

maxillary excess, 499-501
maxillary space regaining, 457
posterior crossbite, 536
steps for fitting, 499-505

Facial height assessment during clinical
evaluation, 158

Facial index, 158
Facial proportion

evaluation
clinical, 155-163
diagnostic records, 164-165
in orthodontic classification, 186
using cephalometric radiography,

164-165
orthodontic triage, 209-211

Facial width assessment during clinical
evaluation, 158

FAS; see Fetal alcohol syndrome
Fatigue in temporomandibular

dysfunction, 650, 653
Female population

hemimandibular hypertrophy, 118, 119
juvenile acceleration of jaw growth, 98
timing of puberty, 96, 97

Fetal alcohol syndrome, 64
Fetal molding, 114-116
Fetus

body proportion changes in, 2 5
growth and development, 63-72

disturbances as cause of malocclusion,
113,114
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Fetus-cont'd
growth and development-cont'd

embryologic, 63-69, 70
skeletal, 35-37

Fibroblast, 297

Fibroblast, 297
Fibrotomy, circumferential supracrestal,

595-596
Fibrous gingiva, 78
Financial factors in demand for

orthodontic treatment, 20-21

Finger sucking, 445
Fingerspring, 442, 473, 474
Finishing, 578-596

adult, 670-672
to avoid relapse, 594-596
band and bonded attachment removal,

590-591,592
final settling of teeth, 588-589, 590
individual tooth adjustment, 581
midline discrepancies, 586-587
positioners, 592-593
root paralleling at extraction sites,

578-580,581
tooth size discrepancies, 587-588
torque of incisors, 581-585
vertical incisor relationship correction,

585-586
First molar

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 84, 85
primary dentition, 70

early loss in primary dentition, 216
eruption

ectopic, 123, 223, 224, 432-433
permanent dentition, 83
primary dentition, 70, 76

extraction
in camouflage treatment, 561
serial, 227, 460, 461, 462
space provided by, 229

mesial drift, 123-124
molar tube offset, 403
root resorption during orthodontic

therapy, 314
space maintenance for eruption, 418-419
torque prescription for straight-wire

appliance, 389
First premolar

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development, 83, 84, 85
extraction

class II treatment in adolescent,
274-275

serial, 227, 460-461, 462
space provided by, 229

retraction, 251-253

First premolar-cont'd
torque prescription for straight-wire

appliance, 389
First-order bend, 402-403
Fitting

bands,394-395
facebow, 499-505

Fixed appliance, 363, 385-416
adult treatment, 618
anterior crossbite, 442, 474
auxiliary attachments, 408-410
bands for attachment, 391-397
Begg appliance, 387, 388
biomechanics, 450-451
bonded attachments, 397-402
bracket widths and slot sizes, 343-344,

406-407,408
brackets and tubes in straight-wire

appliance, 402-406, 407
clear-or tooth-colored, 391
development, 385-386
diastema closure, 464
generalized spacing with incisor

protrusion, 463, 464
mandibular deficiency, 490-491
mandibular excess, 518
materials for, 410-414
midpalatal suture separation, 535, 537
modern edgewise system, 343-344,

387-391
molar uprighting in adjunctive therapy,

623
preformed arch wires and arch form,

414-416
as retainers, 607-610
root position control, 343
for space maintenance, 218
vertical excess, 505

Fixed retainer, 464
Flange in functional appliance, 370, 371
Flap to expose impacted tooth, 539
Fluid in periodontal ligament space, 297
Fluoride application, 591
Flush terminal plane, 90, 217
Fontanelle, 38

head distortion during birth and,
70,71

Force
bone loss and, 659
deleterious effects of, 311-317
drug effects on, 306-308
extraoral; see Extraoral force
mechanical principles, 326-361

anchorage control, 344-347
application of complex force systems,

353-360
basic properties of elastic material,

326-328
comparison of contemporary arch

wires, 331-334

Force-cont'd
mechanical principles-cont'd

design factors in orthodontic
appliances, 340-344

determinant versus indeterminate
force systems, 349-352

effects of size and shape on elastic
properties, 334-337

magnets as source of orthodontic
force, 338, 339

orthodontic arch wire materials,
328-331

rubber and plastic sources of elastic
force, 337-338

periodontal ligament and bone response
to, 298-308

skeletal effects of, 317-323, 324
Force decay, 305-306, 307
Force magnitude, 301-304
Force-deflection curve, 327, 330, 331,

529
Forceps trauma, 114-116
Form

arch, preformed, 414-416
interview, 149
medical/dental, 151-152

Formability of elastic material, 328
Formal operations period of cognitive

development, 60-61
Forward rotation of jaw, 102
Fosamax; see Alendronate
Four-hook headgear, 575, 576
Fourth molar, 14
Fracture

as cause of malocclusion, 116
ceramic bracket, 411
crown, forced eruption for improving

restorative procedures, 628
mandibular condyle, 44-45, 150, 153,

518,519-522
Frankel appliance, 323, 369, 370

clinical adjustment, 375, 376
improper placement and adjustment,

487
mandibular deficiency, 488-489
transverse maxillary constriction, 509

Frankel III appliance, 513-515
Frankfort plane, 174, 175

in McNamara analysis, 179-180
Free gingival graft, 238
Frenum removal, 542-545
Friction, anchorage and, 344-347,

348-349
Frontal examination, 157-158, 159
Frontal resorption, 298, 303
Functional appliance

active plate treatment combined with,
384

as active retainer, 611-614
adjustment, 375, 376



Functional appliance-cont'd
class II malocclusion, 261-267

in adolescence, 273-274, 552-553
with long face and open bite, 268-269
with normal face height, 267-268
retention after, 600, 601
with short face, deep bite, 267

components approach to, 369-374
for growth modification, 367-375, 376
mandibular deficiency, 481-483,

483-491,484
mandibular prognathism, 272
maxillary deficiency, 508-509
maxillary protraction, 513-515, 516
vertical deficiency, 491, 493, 494
vertical excess, 503-505

Functional matrix theory of growth, 45-48
Fusion versus gemination, 121

G
Gable bend, 570
Gemination, 121
Genetic factors

eruption timing, 86
growth control, 42-48
malocclusion development, 125-127,

142
crowding and malalignment, 141-142

timing of puberty, 97
Genetics, molecular, 34
Genioplasty, 282, 283, 689-691, 695
Geographical factors in physical growth

rate, 97
Germ layer formation, 63
Gingiva

adult comprehensive treatment and, 656,
657,659-660

clinical evaluation, 154
dental equilibrium and, 130-131, 132
esthetics, 659-660
fibrous in cleidocranial dysplasia, 78
graft, 238, 656, 657
maturational and aging changes,

106-107
papilla split procedure, 595-596
recession, 656
reorganization in retention, 597-599
stimulation from positioners, 592
stripping from improper placement and

adjustment of functional appliance,
485,487

Gingivitis, plaque-induced, 655
Gjessing retraction spring, 574
Glass ionomer cement, 396-397
Gnathion, 172
Goals

adjunctive treatment, 527
nonskeletal problems in preadolescents,

449-450

Gold arch wire
properties of, 329
useful sizes, 336

Gold in precious metal alloy, 328
Gonadotropin, 94-95
Gonial width, 159
Gonion, 172, 173
Graft

alveolar bone in cleft lip and palate,
289-290

bone in future implant area, 664-665,
666

gingival, 238, 656, 657
Grainger's Treatment Priority Index, 17
Grinding

malocclusion and, 16
temporomandibular dysfunction and,

653, 655
Growth and development, 24-112

adolescent, 94-112
alignment and occlusion, 108-110
dentofacial complex, 98-106
initiation of adolescence, 94-96
teeth and supporting structures,

106-108
timing of puberty, 96-98

adult, 110-112
assessment in diagnosis, 150-153
birth and, 69-72
control theories, 42-48
defined, 24
fetal, 63-72
gradients of growth, 25, 26
growth sites, 38-42

growth centers versus, 42
mixed dentition years, 77-92

eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

nature of growth, 35-37
after orthodontic therapy, 599-604
pattern, variability, and timing, 25-30
prediction in treatment planning,

245-246
primary dentition years, 72-77
social and behavioral, 48-61

cognitive development, 58-61
emotional development, 53-58
learning and, 49-53

studying methods, 30-35
types of growth, 38-42

Growth chart, 26-29, 150
Growth hormone

deficiency, 73
excessive excretion, 118, 119

Growth modification, 478, 479, 480
in adolescents, 273-274
biomechanics of, 317-323, 324
in class II malocclusion, 552-554
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Growth modification-cont'd
functional appliance for, 367-375, 376
mandibular deficiency, 481-493, 494
mandibular excess, 271-272, 515-518
maxillary deficiency, 508-515, 516
maxillary excess, 494-508
timing, 481
treatment planning, 256-276

class II malocclusion, 260-269, 270,
273-274

class III malocclusion, 270-272
transverse maxillary deficiency,

256-260
Guidance of next generation, 57-58
Guide planes, 260-261
Guilt, initiative versus, 55-56
Gum rubber, 338

H
Haas-type expander, 535
Habit crib, 445-446
Habits as cause of malocclusion, 129-130,

134-135
prevention, 445-446, 447

Hand radiography in skeletal age
assessment, 91-92, 150-153

Handicapping malocclusion, term, 16
Hapsburg jaw, 125
Hard tissue growth and development, 35
Harvoid cephalometric analysis,

179, 180
Harvold, E, 365
Hawley labial bow, 378-379

in maxillary dental protrusion, 444
Hawley retainer, 604-605
Head

positioning in cephalometric
radiography, 175

proportion in growth and development,
25,26

Headgear
for anchorage reinforcement, 348

in bypass arch system, 547
asymmetric, 455-456
canine retraction, 563, 575, 576
to change molar relationship in mixed

dentition, 454-455
class 11 malocclusion, 260, 261, 263-267,

483, 485, 486
in adolescence, 273-274, 552
force prescription, 319-321
with normal face height, 267-268
retention after, 600, 601

distalization of first molars after second
molar extraction, 558

extraction site closure, 573-574
maxillary excess, 494-501, 502
open bite relapse control, 586, 603
vertical deficiency, 490, 491, 492
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Headgear-cont'd
vertical excess

with bite block, 505-508
to maxillary splint, 502, 504
to molars, 501-502, 503

Headgear tube, 408, 409
Health, oral, 154
Heart defect, congenital, 72
Height

growth chart, 27, 28
spurt during adolescence, 96

Helical spring, 379
single molar uprighting in adjunctive

treatment, 623
Hemifacial microsomia

altered neural crest development in,
65-66

distraction osteogenesis for, 48
treatment planning, 285

Hemimandibular hypertrophy
as cause of malocclusion, 118, 119, 120
treatment planning and, 285-287

Herbst appliance, 323, 367, 368
clinical adjustment, 375, 376
mandibular deficiency, 489-491
sliding pin and tube, 371
working bite for, 487-488

HGH; see Human growth hormone
High-pull headgear, 268-269

for anchorage in bypass arch system, 547
distalization of first molars after second

molar extraction, 558
maxillary excess, 497, 498, 499
open bite relapse control, 586, 603
vertical excess

with bite blocks, 505-508
to maxillary splint, 502, 504
to molars, 501-502, 503

Hispanic population
incisor crowding/malalignment, 11
Index of Treatment Need, 20
occlusal contact discrepancies, 12, 13

History
of orthodontic treatment, 2-4
patient, 150, 151-152, 153, 192

Holdaway ratio, 177
Hook

for alignment of impacted or unerupted
tooth, 539

for interarch elastic, 408-409
Hooke's law, 331
Horizontal reference line in cephalometric

analysis, 174-176
Horizontal-vertical maxillary deficiency,

270-271
Hormones

congenital deficiency, 72, 73
in initiation of adolescence, 94

Human growth hormone, 73
Hunter, J, 32

Hyalinized area in periodontal ligament,
303

Hydrocephaly, 45, 46
Hygiene status, 655-656
Hyperplasia

condylar, 118
in skeletal growth, 35

Hypertelorism, 70
Hypertrophy

hemimandibular
as cause of malocclusion, 118, 119,

120
treatment planning and, 285-287

masseter muscle, 132
in skeletal growth, 35

Hypodontia
in development of malocclusion, 118
Index of Treatment Need grades, 18

Hypothalamus in initiation of adolescence,
94,95

Hyrax expander, 535
midpalatal arch opening in maxillary

deficiency, 257

Identity, development of, 56-57
Illness, chronic, 72, 73
Imaginary audience, term, 60-61
Imipramine, 308
Impacted tooth

treatment, 538-542, 543
treatment planning, 233

Implant, 658-666, 667
alveolar bone creation to support, 316
anchorage in space closure and tooth

movement, 577
comprehensive orthodontics in patients

planned for, 661-665, 666
for missing permanent teeth, 465

positioning teeth for, 637-641
retainer for space maintenance,

609-610
silicone in genioplasty, 689

Implant radiography, 34-35
jaw rotation during adolescent growth,

101-104
Impressions

adjunctive treatment planning, 617
analysis, 165-170
in clinical evaluation of occlusion,

163-164
functional appliance management, 374

mandibular deficiency, 485-488, 489
Inadequate personality, 648
Incisal stop, 370, 372-373
Incisor

active plate for expansion, 377
alignment in early permanent dentition,

530

Incisor-cont'd
ankylosis

i mplant for, 666, 667
after trauma, 233

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 85
primary dentition, 70

composite resin build-up of, 587
disking to reduce anterior crowding,

422-423,424
early loss in primary dentition, 216
eruption

delayed, 470-472
ectopic, 431-432
jaw rotation and, 105-106
permanent dentition, 83-85
primary dentition, 70, 76
thumbsucking and, 135

extraction
serial, 461
space provided by, 229

fixed retainer for maintenance, 607,
608,609

fusion with canine, 121
horizontal overlap; see Overjet
labial tipping in leveling by intrusion,

547
leveling by intrusion with segmented

arch technique, 549, 550
missing in permanent dentition,

465-466,467,468,469
implant for, 664, 665, 666

presurgical positioning, 700-702
prominence assessment, 160-162
protrusion

dentofacial problems related to, 224
trauma, 17
treatment, 463-464
treatment planning, 216, 217, 224

retraction into a premolar extraction
space, 274-275

retrusion treatment planning, 216, 217
root resorption during orthodontic

therapy, 314, 315
space relationships in replacement,

86-89
stripping to reduce mediodistal width,

611
supernumerary, 121
third, evolutionary disappearance, 14
tooth size discrepancy, 121
torque of during finishing, 581-585
torque prescription for straight-wire

appliance, 389
traumatically displaced, 213
two-couple system to change inclination,

355,356
vertical overlap; see Overbite
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Incisor irregularity
during adolescence and young adulthood,

108
epidemiology, 9-13
spring retainers for, 610-611, 612, 613
treatment in adjunctive therapy, 632-641
treatment in preadolescent child,

418-429
due to allowance for molar shift,

452-457
treatment planning, 219-221

Income in demand for orthodontic
treatment and, 20-21

Indeterminate force system, 349-352
Index of Treatment Need, 17-20
Index of Treatment Need ruler, 18, 20
Indirect bonding technique, 400-40I
Industry, development of, 56
Infant

emotional development, 54
fontanelles, 38
growth and development, 72-77
suckling, 74

Inferiority, initiative versus, 56
Informed consent, 696-697
Initiative, development of, 55-56
Injury

birth, 114
displacement of teeth, 124-125

orthodontic triage, 213, 214
treatment in mixed dentition, 476
treatment planning, 233-234

need for orthodontic treatment to
prevent, 17, 208

treatment for, 284-287
Innerbow of facebow, fitting of, 499-500
Instinctual behavior, 48
Integrity, attainment of, 58
Intellectual development, 58-61
Inter-arch elastics

complex problems in mixed dentition
and, 451

extraction site closure, 573-574
molar correction in adolescent, 565-566

Intercanine width, 100
Intercanthal distance, 159
Intermittent force, 306, 307
Internal jaw rotation

during adolescence, 101-106
during adulthood, 110

Interproximal wear, 108-109
Interrupted force, 306, 307
Intersphenoid synchondrosis, 38-39
Interstitial growth, 35
Interview in diagnosis, 149-154, 192
Intimacy, development of, 57
Intea-arch appliance

maxillary space regaining, 457
molar rotation in mixed dentition,

456-457

Intea-arch elastic
used simultaneously with Class II elastics

for space closure and molar
relationship correction, 564

Intramatrix rotation of jaw, 102, 103,
I04

Intratnembranous bone formation, 36, 37
cranial vault, 38
maxilla, 39

Intraoral radiography, 163
Intrauterine molding, 114-116
Intrusion

in adult treatment, 668
leveling by, 546-549, 550
one-couple system, 351
optimum forces, 304, 305
presurgical, 699-700
relative, 545-546

IOTN; see Index of Treatment Need
Irregularity index, 9, 10, 11
Isotreninoin

neural crest impairment induced
by, 65

as teratogen affecting dentofacial
development, 114

Israeli population, cephalometric values,
177

Jackscrew appliance, 375
midpalatal arch opening, 257, 258, 508,

509, 535, 537
posterior crossbite in mixed dentition,

437
Japanese population, cephalometric

values, 177
Jaw; see also Mandible; Maxilla

childhood fractures as cause of
malocclusion, 1I6-117

clinical evaluation, 154-155, 156
equilibrium effects on, 131-132
evolutionary trends, 14
growth and development

during adulthood, 111
implant radiography for studies of,

34-35
Hapsburg, 125
in profile analysis, 159-160
rotation

during adolescence, 101-106
during adulthood, l 10

J-hook headgear, 563
Juvenile occlusal equilibrium, 81
Juvenile rheumatoid arthritis, 284, 285

K
Kingsley N, 2, 3
Kloehn-type headgear appliance, 485

Labial how, 370, 373-374
Hawley, 378-379
i n maxillary dental protrusion, 444

Labial hook, 408-409
Laced elastics for final settling of teeth,

589, 590
Landmarks, cephalometric, 172, 173
Lang bracket, 408
Laser instrument for ceramic bracket

removal, 591
Lateral incisor

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83
primary dentition, 70

composite resin build-up of, 587
congenitally missing, implant for, 664,

665,666
eruption

ectopic, 431-432
permanent dentition, 83-85

extraction, space provided by 229
root resorption during orthodontic

therapy, 314, 3I5
supernumerary, 121
torque prescription for straight-wire

appliance, 389
Latex allergy, 312
Learned behavior, 48
Learning and behavior development,

49-53
LeFort I downfracture, 674, 675, 679-680,

681
Leg proportion in growth and

development, 26
Leveling, 545-549, 550
Lewis bracket, 388
Leydig cell, 96
Ligament, periodontal

adjunctive therapy and, 619
dental equilibrium and, 131
reorganization in retention, 597-599
response to orthodontic force, 298-308
structure and function, 296-298

Limb proportion in growth and
development, 26

Line of occlusion, 2, 3
Lingual arch appliance, 357-358,

409-410
anterior crossbite, 473, 474
arch width maintenance after palatal

suture opening, 535, 537
class II camouflage by extraction of

upper first molars, 561-563
extraction site closure, 573
incisor crowding, 427-428, 452
mandibular space regaining, 424, 425,

426,458

L

J
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Lingual arch appliance-cont'd
maxillary deficiency, 508
molar rotation in class II treatment, 554
molar uprighting in adjunctive therapy,

621,622
posterior crossbite, 437-439, 537, 538
segmented arch leveling, 548
space maintenance, 420-421, 422

Lingual extension clasp, 382, 383
Lingual fixed appliance, 389-390
Lingual pad, 370, 371
Lingual shield, 370
Lip

cleft
embryonic development, 66-67
treatment planning and, 287-291, 292

equilibrium effects on dentition,
128-129,130

posture evaluation, 160-162
tongue's contact with in infant, 75

Lip bumper appliance
mandibular space deficiency, 452, 459
maxillary space regaining, 425, 427

Lip incompetence, 161, 162
extraction and, 254

Lip pad, 370, 371-372
Logarithmic curve, 32
Long face pattern

biting force in, 133, 134
genetic factors, 127
jaw rotation in, 104
nasal respiration in, 139, 140
surgery, 679-680, 681
treatment in mixed dentition, 501-508
treatment planning, 268-269

Longitudinal growth study, 31
jaw rotation during adolescence,

101-106
Loop

in Begg technique, 533-534
box, 533
buccal, 379
closing, 347

for extraction space closure, 567-571
drag, 532
opus closing, 568
retraction, for alignment in premolar

extraction site, 531
space maintainers, 418-420

Loop stop, 533
Low birth weight, 72, 73
Lower extremity proportion in growth and

development, 26
Lower face height, 159

in Harvold cephalometric analysis, 180
Lower lip vermilion, 159
Lymphoid tissue, Scammon's curves for

growth, 26

M
Machine porion, term, 174, 175
Macrostomia, embryonic development, 69
Magnet therapy

class II treatment, 269, 270
in adolescent, 274, 275

mechanics of, 338, 339
unerupted tooth, 472, 541

Magnetic resonance imaging, 163
in disk displacement, 654

Maintenance, space, 418-421, 422, 423
deficiency due to allowance for molar

shift, 452-457
treatment planning, 218-219

Malalignment
during adolescence, 108-110
anterior teeth alignment in adjunctive

therapy, 632-641
arch expansion with removable

appliances for, 376-378
casting in analysis of, 166-170
etiology in contemporary perspective,

141-142
evaluation in orthodontic classification,

187
orthodontic triage, 212
treatment

adjunctive therapy, 632-641
adolescent, 527-528, 527-545
preadolescent child, 418-429
retention, 603

treatment planning
early mixed dentition, 219-221
primary dentition, 215-216

Male population, timing of puberty, 96, 97
Malformed tooth, 121-122
Malocclusion

causes of, 113-125
acromegaly and hemimandibular

hypertrophy, 118, 119, 120
childhood jaw fractures, 116-117
dental development disturbances,

118-125
embryologic disturbances, 113, 114
fetal moldings and birth injuries,

114-117
muscle dysfunction, 117-118, 119

class 1; see Class I malocclusion
class II; see Class 11 malocclusion
class 111; see Class III malocclusion
classification, 2-4, 185-191
contemporary perspective in etiology,

141-142
environmental influences, 127-141

equilibrium theory and, 128-132
mastication, 132-133, 134
respiratory pattern, 137-141
tongue thrusting, 135-137

Malocclusion-cont'd
epidemiology, 9-15
genetic influences, 125-127
treatment

changing goals, 2-9
demand for, 20-21
history, 2-4
need for, 15-20
patient involvement, 4

Mandible
birth trauma, 114-116
bracket and/or tube inclination, 405
bracket and/or tube torque, 407
cephalometric analysis, 184
clinical evaluation, 154-155, 156
deficiency; see Mandibular deficiency
effects of orthodontic force on, 321-323,

324
equilibrium effects on, 131-132
excess; see Mandibular excess
growth and development, 48

during adolescence, 95, 97-98,
99-106,109-110

during adulthood, 111
eruption control and, 81-82
fetal, 36-37
after fracture, 116-117
functional appliance for increasing, 261
functional matrix theory, 45-47
rotation during, 101-106, 110
sites and types, 40-42

lengthening by distraction osteogenesis,
47,48

molar tube offset, 403
Neanderthal, 13, 14
positioning for airway establishment

after birth, 74, 75
prognathism

functional appliance, 272
genetic factors, 142
surgery, 679, 693
total nasal obstruction and, 138-139

shift; see Mandibular shift
space regaining, 424-425, 426, 427
surgery

anteroposterior relationships, 678-679
vertical relationships, 679-680, 681

Mandibular arch
lateral expansion with removable

appliance, 377
presurgical leveling, 699-700
space regaining, 458
torque prescription for straight-wire

appliance, 389
width measurements, 188

Mandibular arch length, 105-106
Mandibular canine

bracket and/or tube inclination, 405



Mandibular canine-cont'd
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 84, 85
primary dentition, 70

early loss in primary dentition, space
regaining, 219

eruption
permanent dentition, 83, 84, 85
primary dentition, 70, 76

extraction, space provided by, 229
fusion with mandibular incisor, 121
root resorption

extrusion, 631
during orthodontic therapy, 314

sliding space closure in 22-slot edgewise,
571

torque prescription for straight-wire
appliance, 389

width changes during adolescence, 101
Mandibular condyle

arthritic degeneration, 653
endochondral ossification, 43
fetal development, 37
fracture, 44-45, 116-117, 150, 153, 518,

519-522
hyperplasia, 118

Mandibular deficiency
birth and, 70-71, 114-116
camouflage treatment, 276, 277, 278, 279
intrauterine molding and, 114, 115
jaw fracture and, 116-117
surgery, 680, 682, 683, 684, 685

Mandibular excess growth modification,
515-518

treatment planning, 271-272
Mandibular gonial angles, 132
Mandibular incisor

alignment in early permanent dentition,
530

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 85
primary dentition, 70

crowding during adolescence and young
adulthood, 108

eruption
permanent dentition, 83
primary dentition, 70, 76

extraction, space provided by, 229
fixed retainer for maintenance, 607, 608,

609
fusion with mandibular canine, 121
leveling by intrusion with segmented

arch technique, 549
root resorption during orthodontic

therapy, 314, 315

Mandibular incisor-cont'd
space relationships in replacement of,

86-89
stripping to reduce mediodistal width,

611
torque prescription for straight-wire

appliance, 389
Mandibular molar

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83
primary dentition, 70

eruption
early, 86
permanent dentition, 83
primary dentition, 70, 76

extraction, space provided by, 229
missing in permanent dentition,

465-466,467,468,469
molar tube offset, 403
root resorption during orthodontic

therapy, 314
torque prescription for straight-wire

appliance, 389
unerupted or impacted, alignment of,

541-542,543
width changes during adolescence, 101

Mandibular plane angle
in allergy and adenoidectomy, 139-140,

141
assessment during clinical evaluation,

162-163
jaw rotation and, 103, 104

Mandibular premolar
bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development, 83, 84, 85
ectopic eruption, 123
extraction

class 11 treatment in adolescent,
564-565

space provided by, 229
root resorption during orthodontic

therapy, 314, 315
torque prescription for straight-wire

appliance, 389
Mandibular ramus

growth and development, 41-42
during adolescence, 99

osteotomy in hemifacial inicrosomia,
286

Mandibular shift
crossbite caused by, 155, 156, 435, 436
midline discrepancy correction during

finishing, 586-587
Mandibulofacial dysostosis, 65
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Martentistic nickel-titanium arch wire,
329, 330

alignment therapy in adolescent, 529,
530

leveling by extrusion, 545
useful sized, 336

Masseter muscle hypertrophy, 132
Mastication

clinical evaluation, 154
equilibrium effects on dentofacial

complex, 128, 129, 132-133, 134
as force opposing eruption, 82
malocclusion in dysfunction, 16
maturation of function, 74, 75, 76

Maternal deprivation syndrome, 54
Matrix rotation of jaw, 102, 103, 104
Maturation; see also Growth and

development
collagen, 78
gingiva, 106-107
mastication, 74, 75, 76
oral function, 74-76
pulp, 106, 107
respiration, 74
sexual, 29, 74, 94-98, 156

Maxilla
biomechanics of growth modification,

317-321
bracket and/or tube inclination, 405
bracket and/or tube torque, 407
cephalometric analysis, 184
clinical evaluation, 154-155, 156
deficiency; see Maxillary deficiency
dental protrusion treatment in

preadolescent child, 444-445
effects of orthodontic force on, 317-321
growth and development, 48

adolescent, 95, 97, 98-99, 100-106
adult, 111
cartilage theory, 43
fetal, 37
functional matrix theory, 45
rotation during, 101-106, 110
sites and types, 38-39

injury, 284
molar tube offset, 403
space regaining, 424, 425
superimposition of Bolton template on,

184
surgery

anteroposterior problems, 678-679
lingual crossbite, 680, 685, 686
transverse problems, 686
vertical relationships, 679-680, 681

Maxillary arch
jaw rotation and length of, 105-106
presurgical leveling, 699-700
space regaining, 457
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Maxillary arch-cont'd
torque prescription for straight-wire

appliance, 389
transverse expansion with removable

appliance, 377
width measurements, 188

Maxillary canine
bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 84, 85
primary dentition, 70

eruption
ectopic, 223-224, 225, 435
permanent dentition, 83, 85, 86
primary dentition, 70, 76
same time as maxillary first premolar,

86
extraction

anterior crossbite, 440, 442
space provided by, 229

root resorption during orthodontic
therapy, 314

torque prescription for straight-wire
appliance, 389

Maxillary deficiency
in fetal alcohol syndrome, 64
growth modification, 508-515, 516

treatment planning, 256-260,
270-271

midpalatal arch opening for arch
expansion, 257-260

Maxillary excess treatment, 494-508
Maxillary incisor

active plate for expansion, 377
ankylosis

implant for, 666, 667
after trauma, 233

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83
primary dentition, 70

composite resin build-up of, 587
eruption

permanent dentition, 83-85
primary dentition, 70

extraction, space provided by, 229
leveling by intrusion with segmented

arch technique, 549
missing in permanent dentition,

465-466,467,468,469
implants for, 639

protruding, trauma to, 17
root resorption during orthodontic

therapy, 314, 315
space relationships in replacement of,

86-89
tooth size discrepancy, 121
torque prescription for straight-wire

appliance, 389

Maxillary midline diastema
defined, 10
epidemiology, 9, 10, 11
retainers for maintenance, 608-609
treatment

adjunctive therapy, 640-641
adolescent, 542-545
preadolescent, 429-430, 463, 464

in ugly ducking stage of development, 89
Maxillary molar

bands and bonded attachments removal,
590

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
distal movement in class 11 treatment,

554-560
with magnets, 555

ectopic eruption, 123, 432-433
extraction

class 11 treatment in adolescent, 274
space provided by, 229

molar tube offset, 403
root resorption during orthodontic

therapy, 314
torque prescription for straight-wire

appliance, 389
Maxillary premolar

bands and bonded attachments removal,
590

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development, 83, 84, 85
extraction

class 11 treatment in adolescent,
274-275,561-565

space provided by, 229
root resorption during orthodontic

therapy, 314, 315
torque prescription for straight-wire

appliance, 389
Maxillomandibular fixation, 701
McNamara cephalometric analysis, 179
Measurement

anthropometric, 30-31
in facial proportion assessment, 157,

158,159
arch width, 188
for studying growth, 30-32

Mechanics of orthodontic force, 295,
326-361

anchorage, 344-349
application of complex force systems,

353-360
design factors in orthodontic appliances

and,340-344
determinant versus indeterminant force

systems, 349-352
elastic material

basic properties of, 326-328
effects of size and shape on, 334-337
rubber and plastic sources, 337-338

Mechanics of orthodontic force-cont'd
magnets, 338, 339
orthodontic arch wire

comparison of contemporary, 331-334
materials used in, 328-331

Meckel's cartilage, 36-37
Medical history in diagnosis, 150, 151-152,

153
Menarche

age at, 74
body fat and, 97

Mendelian genetics, 141
Menton, 172, 173
6-Mercaptopurine, 114
Mesenchymal cell, 297
Mesial drift, 123-124

of permanent first molar in early loss of
primary second molar, 219

Mesial step, 217
Mesiodens, 121
Mesoderm, 63
Methyl xanthines, 308
Michigan growth study, 174, 245
Microcephaly, 45
Microsomia, hemifacial

altered neural crest development in,
65-66

distraction osteogenesis for, 48
treatment planning, 285

Midface
deficiency

in achondroplasia, 126
in fetal alcohol syndrome, 64
from intrauterine molding, 114, 115

effects of orthodontic force on, 317-321
Midline

diastema in; see Midline diastema
discrepancies, treatment during

finishing, 586-587
shift

requiring bodily movement, 453
resulting from tipping, 432

Midline diastema
defined, 10
epidemiology, 9, 10, 11
retainers for maintenance, 608-609
treatment

adjunctive therapy, 640-641
adolescent, 542-545
preadolescent, 429-430, 463, 464

in ugly ducking stage of development, 89
Midpalatal arch opening for arch

expansion, 255-256,317-319
adolescent, 534-536
maxillary deficiency, 257-260, 508-509
severe generalized arch length

discrepancy, 458
Minn-expander, 257, 535
Missing tooth

autotransplantation for, 466, 469
bridge for, 465



Missing tooth-cont'd
closure versus prosthetic replacement,

660-666,667,668
congenital, 118, I20, 664, 665, 666
i mplant for, 465, 664, 665, 666
incisor, 465-466, 467, 468, 469, 664,

665,666
Mixed dentition

growth and development, 77-92
eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

orthodontic treatment, 417-524
anterior crossbite, 440-442, 443
complex problems; see Complex

nonskeletal problems
crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
facial asymmetry, 519-522
mandibular deficiency, 481-493, 494
mandibular excess, 515-518
maxillary deficiency, 508-515, 516
maxillary dental protrusion, 444-445
maxillary excess, 494-508
maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439-440, 44I

space analysis, 167-170
thumbsucking and, 135
treatment planning, 218-234

anterior open bite, 221-222
anteroposterior problems, 231
dentofacial problems related to incisor

protrusion, 224
irregular/malpositioned incisors,

2I9-221
over-retained primary teeth and

ectopic eruption, 222-224, 225
posterior cross bite, 221, 222
serial extraction, 227-228
skeletal problems, 224
space problems, 218-219, 224227,

229-230
timing, 215
transverse problems, 229-231
traumatic dental displacement and

ankylosis, 233-234
vertical problems, 231-233, 234

MMF; see Maxillomandibular fixation
M-NiTi; see Martentistie nickel-titanium
Modeling in behavioral development,

52-53
Modification of growth, 478, 479, 480

in adolescents, 273-274
biomechanics of, 317-323, 324
functional appliance for, 367-375, 376
mandibular deficiency, 481-493, 494
mandibular excess, 27I-272, 515-518
maxillary deficiency, 508-515, 5I6

Modification of growth-cont'd
maxillary excess, 494-508
ti ming, 481
treatment planning, 256-276

class II malocclusion, 260-269, 270,
273-274

class III malocclusion, 270-272
transverse maxillary deficiency,

256-260
Moire magnification, 80
Molar

alignment in adjunctive therapy,
632-641

bands and bonded attachments removal,
590

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83, 84, 85
primary dentition, 70

early loss in primary dentition, 216
space regaining, 219

eruption
early, 86
ectopic, 123, 223, 224, 432-433
jaw rotation and, 106
permanent dentition, 83
primary dentition, 70, 76

extraction
in camouflage treatment, 561
class II treatment in adolescent, 274,

276
distalization of first molars after,

558-559,560
serial, 227, 460, 461, 462
space provided by, 229

fourth, evolutionary disappearance, 14
mesial drift, 123-124
missing in permanent dentition,

465-466,467,468,469
molar tube offset, 403
relationship correction in adolescent,

552-566
closure of extraction spaces, 567-577
differential anteroposterior tooth

movement using extraction spaces,
561-565

differential growth in adolescent and,
552-554

distal movement of upper molars,
554560

with inter-arch elastics, 565-566
root resorption during orthodontic

therapy, 314
rotation using transpalatal arch, 456, 457
space deficiency due to allowance for

shift of, 452-457
space maintenance for eruption,

418-419
space relationships in replacement,

89-91
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Molar-cont'd
torque prescription for straight-wire

appliance, 389
unerupted or impacted, alignment of,

54I-542,543
uprighting in adjunctive therapy,

620-627
width changes during adolescence, 101

Molar tube offset, 403
Molding, fetal, 114-1I6
Molecular genetics, 34
Moment in tooth movement, 340, 341, 342

bone loss and, 659
Moment-to-force ratio in root position

control, 34I-343
Monocrystalline alumina bracket, 411, 412
Moorrees mesh, 182
Motivation for orthodontic treatment

adolescent, 57
adult, 644-655
assessment during initial interview, 153

Mounting, articulator, 164
Mouth breathing, malocclusion associated

with, 137-141, 142
Mouth width assessment, 157, 159
Movement, tooth

in adolescent, 274-275
anchorage and, 308-311
biological control of, 298-301
effects of force distribution and types of,

304-305
forces, moments, and couples in, 340,

341, 342
preadolescent child, 417-524

anterior crossbite, 440-442, 443
crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
maxillary dental protrusion, 444-445
maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439-440, 44I

removable appliance for, 376-384
subdivision of, 348
transverse of posterior teeth, 355-357

Moyers prediction tables, 168
MRI; see Magnetic resonance imaging
Mulligan bypass arch, 546, 547
Multistranded steel wire

alignment of lower incisor, 530
Muscle

dysfunction as cause of malocclusion,
117-118,119

pain, I6-17
Scammon's curves for growth, 26

Muscle spasm in temporomandibular
dysfunction, 650, 653

Muscle weakness syndromes, 118, 119
Muscular dystrophy, 118
Musical instrument, 130
Myofascial pain, 650-655
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N
NA line in Steiner cephalometric analysis,

176, 177
Nance lingual arch, 421, 422
Nasal base width, 159
Nasal obstruction, mouth breathing in,

138-139
Nasal septum as growth center, 43-44, 45
Nasion, 172
Nasofrontal angle, 159
Nasolabial angle, 159
Nasomaxillary complex growth and

development
during adolescence, 98-99
sites and types, 38-39

Natal tooth, 76
National Health and Nutrition Estimates

Survey III, 9-13
Natural head position in cephalometric

radiography, 175
NB line in Steiner cephalometric analysis,

176, 177
Neanderthal mandibular arch, 13, 14
Neckstrap

adjustment, 501, 502
maxillary excess and, 497

Necrosis, periodontal ligament,
303-304

Negative reinforcement, 51, 52
Neonatal line, 71-72
Neural crest cell, 63, 64-65

drug-induced impairment, 64-66
Neural tube formation, 63
Neuromuscular adaptation after surgery,

706
Newborn

emotional development, 54
fontanelles, 38
suckling, 74

Next generation, guidance of, 57-58
NHANES 111; see National Health and

Nutrition Estimates Survey III
NHP; see Natural head position y
Nickel

allergy, 312, 410
i n stainless steel alloy, 328

Nickel-titanium arch wire, 328-331
alignment treatment in adolescent,

529-530
in premolar extraction sites, 532
of unerupted tooth, 539, 542

ceramic brackets and, 411-413
distal movement of molars, 555
for finishing

incisor torquing, 583-584
root paralleling, 580

l eveling by extrusion, 545
surface qualities, 345
useful sizes, 336

Nickel-titanium spring
first premolar retraction in second

premolar extraction case, 571
force eruption in adjunctive treatment,

628
NiTi; see Nickel-titanium
Nitinol; see Nickel-titanium
Nitric oxide, 302
NO; see Nitric oxide
Nomogram, 332-334
Nonskeletal problems, 417-524

anterior crossbite, 440-442, 443
complex, 449-477

crossbites of dental origin, 472-475
deep bite, 475
eruption problems, 470-472, 473
excess space, 463-466, 467, 468, 469
space deficiency, 452-463
special considerations, 449-451
traumatic displacement, 476

crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
facial asymmetry, 519-522
mandibular deficiency, 481-493, 494
mandibular excess, 515-518
maxillary deficiency, 508-515, 516
maxillary dental protrusion, 444-445
maxillary excess, 494-508
maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439-440, 441
space analysis, 167-170
thumbsucking and, 135

Nonsteroidal antiinfammatory drugs, 308
Normal occlusion, classification of, 3, 4,

185-186
Norwegian system of treatment, 365
Nose

growth
during adolescence, 99
(luring adulthood, 111

proportional width assessment, 157
rapid palatal expansion and, 257

NSAIDs; .see Nonsteroidal
antiinflammatory drugs

Nutrition
in malocclusion prevalence, 15, 108-109,

132-133
i n physical growth and development,

72-74

Observational learning, 52-53
Obstruction, nasal, 138-139
Occlusal equilibrium

adult, 83
j uvenile, 81

Occlusal stop, 370, 372-373
Occlusal wear, crowding during

adolescence and, 108-109
Occlusion

changes during adolescence, 108-110
clinical evaluation, 154-155, 156

diagnostic records for, 163-164
equilibrium theory and, 128-132
final settling of teeth into, 589

positioners for, 592-593
line of, 2, 3
normal, classification of, 3, 4, 185-186

Oligodontia, 118
Omission in behavioral development, 51,

52
One-couple system, 350-351
Onplant system, 319, 320
Open bite

altered function in, 142
anterior; see Anterior open bite
associated with thumbsucking, 135
defined, 10
epidemiology, 9, 10, 12, 13
i n hemirnandibular hypertrophy, 120
in malocclusion classification, 189
in muscle weakness syndromes, 119
orthodontic triage, 213, 214
positioners for finishing and, 592
posterior; see Posterior open bite
surgery, 679-680, 681, 682, 683, 684,

685
thumbsucking and, 445-446, 447
tongue thrust swallowing, 136, 137
treatment

during finishing, 585-586
retention, 602-603

treatment planning
early mixed dentition, 221-222
l ate mixed and early permanent

dentition, 231
primary dentition, 217-218

Operant conditioning, 50-52
Optical glass orthodontic wire, 329
Opus closing loop, 568, 569
Oral Deformities, 2
Oral function

clinical evaluation, 154
maturation of, 74-76
need for orthodontic treatment to

promote, 16-17
Organ systems, fetal development, 63
Oropharynx, fetal development, 63
Orthodontic appliance

active tooth-borne, 368-369
adult treatment, 618, 619, 668-673
Begg, 342, 387, 388

alignment in adolescent, 533-534, 564
finishing, 578-580, 581
leveling, 546
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Orthodontic appliance-cont'd
bionator, 367, 368

deep bite, 267
mandibular deficiency, 488

chin cup
force prescription, 321, 322
mandibular excess, 515-517

clear, 391
combination anchorage technique,

582-583
crib, 222
Crozat, 364, 365
design factors, mechanics and, 340-344
E-arch, 385-386
as equilibrium influence on dentition, 130
fixed; see Fixed appliance
Frankel, 323, 369, 370

clinical adjustment, 375, 376
improper placement and adjustment,

487
mandibular deficiency, 488-489
transverse maxillary constriction, 509

functional; see Functional appliance
Herbst, 323, 367, 368

clinical adjustment, 375, 376
mandibular deficiency, 489-491
sliding pin and tube, 371
working bite for, 487-488

instructing young child for use, 56
jackscrew, 375

midpalatal arch opening, 257, 258, 508,
509, 535, 537

posterior crossbite in mixed dentition,
437

molar uprighting, 621-623
pendulum, 555-556, 557
presurgical, 698
removable; see Removable appliance
for space maintenance, 218
tooth-colored, 391
twin-wire, 386-387
two-couple system, 351-352

continuous, 359-360
lingual arches as, 357-358
segmented, 358-359
symmetric and asymmetric bends,

353-355
transverse movement of posterior

teeth, 355-357
utility and 2x4 arches to change incisor

position, 355, 356
visibility of, 648-649
w-arch

maxillary deficiency, 508
posterior crossbite in mixed dentition,

437
Orthodontic arch wire

alignment in adolescent, 527-529
with edgewise appliance, 529-533

Orthodontic arch wire-cont'd
bends, 332, 333

elimination in straight wire system,
402-406,407

leveling in Begg technique, 546
in two-couple system, 353-355, 356,

357
closing loop, 347

extraction space closure in class 11
treatment, 567-571

comparison of contemporary wires,
331-334

controlling force with varying materials
and size and shape of, 336-337

controlling force with varying materials
and size-shape, 336-337

elastic behavior of, 326-328
finishing

final tooth settling, 589
incisor torquing, 582-585
root paralleling, 578, 580

gold
properties of, 329
useful sizes, 336

for leveling, 545-549, 550
materials used for, 328-331
nickel-titanium, 328-331

alignment treatment in adolescent,
529-530

ceramic brackets and, 411-413
distal movement of molars, 555
surface qualities, 345
useful sizes, 336

plastic, 331
preformed, 414-416
presurgical stabilization, 702
single molar uprighting in adjunctive

treatment, 623, 624
stainless steel, 328, 329, 332-334

surface qualities, 336
useful sizes, 336

surface quality influence on friction,
345-346

symmetric and asymmetric bends in
two-couple system, 353-355

Orthodontic camouflage, 276-279, 280
extraction of upper first premolars,

561-564
surgery versus, 697, 698

Orthodontic diagnosis, 145-196
adjunctive therapy, 617-618
clinical evaluation, 154-165

facial proportions, 155-163
jaw and occlusal function, 154-155, 156
oral health, 154

diagnostic records, 163-185
cast analysis, 165-170
cephalometric analysis, 170-185
orthodontic classification, 185-191

Orthodontic diagnosis-cont'd
diagnostic records-cont'd

problem list development, 190, 191,
192, 193, 194

types, 163-165
questionnaire/interview, 149-154
sequence, 147

Orthodontic force
bone loss and, 659
deleterious effects of, 311-317
drug effects on, 306-308
extraoral; see Extraoral force
mechanical principles, 326-361

anchorage control, 344-349
application of complex force systems,

353-360
basic properties of elastic material,

326-328
comparison of contemporary arch

wires, 331-334
design factors in orthodontic

appliances, 340-344
determinant versus indeterminate

force systems, 349-352
effects of size and shape on elastic

properties, 334-337
magnets as source of orthodontic

force, 338, 339
orthodontic arch wire materials,

328-331
rubber and plastic sources of elastic

force, 337-338
periodontal ligament and bone response

to,298-308
skeletal effects of, 317-323, 324

Orthodontic look, term, 403
Orthodontic practice

behavior management
classical conditioning, 49-50
observational learning, 53
operant conditioning, 51-52

major responsibilities of, 9
separate treatment area for adults

in, 649
Orthodontic problems

causes of, 113-125
acromegaly and hemimandibular

hypertrophy, 118, 119, 120
childhood jaw fractures, 116-117
dental development disturbances,

118-125
embryologic disturbances, 113, 114
fetal moldings and birth injuries,

114-117
muscle dysfunction, 117-118, 119

classification, 2-4, 185-191
contemporary perspective in etiology,

141-142
diagnosis; see Orthodontic diagnosis
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Orthodontic problems-cont'd
environmental influences, 127-141

equilibrium theory and, 128-132
mastication, 132-133, 134
respiratory pattern, 137-141
sucking and other habits, 134-135
tongue thrusting, 135-137

genetic influences, 125-127
treatment; see Orthodontic treatment

Orthodontic treatment
addressing pathologic problems before,

199
biomechanics of, 295-325

anchorage and its control, 308-311
effects on alveolar bone height,

315-317
effects on pulp, 312-313
effects on root structure, 313-315
growth modification, 317-323, 324
mobility and pain, 311-312
periodontal ligament and bone

responses, 298-308
changing goals of, 2-9
comprehensive; see Comprehensive

orthodontic treatment
demand for, 20-21
divided into stages, 526
drugs effects on, 306-308
goals of, 527
history, 2-4
mechanical principles, 295, 326-361

anchorage control, 344-349
application of complex force systems,

353-360
basic properties of elastic material,

326-328
comparison of contemporary arch

wires, 331-334
design factors in orthodontic

appliances, 340-344
determinant versus indeterminate force

systems, 349-352
effects of size and shape on elastic

properties, 334-337
magnets as source of orthodontic force,

338, 339
orthodontic arch wire materials,

328-331
rubber and plastic sources of elastic

force, 337-338
motivation for

adolescent, 57
adult, 644-645
assessment during initial interview, 153

need for, 15-20, 207-208
patient involvement, 4
planning; see Orthodontic treatment

planning
as preparation for surgery, 281
puberty and, 96
ti ming of, 214-215

Orthodontic treatment planning, 145-147,
196-239

adjunctive therapy, 617-618
adult, 234-238

camouflage versus surgery, 276-282,
283

anomalies and injuries and, 284-287
cleft lip and palate, 287-291, 292
in early mixed dentition, 218-228

anterior open bite, 221-222
dentofacial problems related to incisor

protrusion, 224
irregular/malpositioned incisors,

219-221
over-retained primary teeth and

ectopic eruption, 222-224, 225
posterior cross bite, 221, 222
serial extraction, 227-228
skeletal problems, 224
space problems, 218-219, 224-227

evidence for clinical decisions, 240-245
extraction in malocclusion treatment,

249-256
growth modification in skeletal

problems, 256-276
class 11 malocclusion, 260-269, 270,

272-276
class III malocclusion, 270-272
transverse maxillary deficiency,

260-264
in late mixed and early permanent

dentition, 228-234
multiple dental problems, 282-284
need for treatment and, 207-208
orthodontic triage, 208-212, 213, 214
in primary dentition, 215-218
reducing uncertainty in, 245-249
sequence, 146-147,197-207
systemic disease and, 284, 285
timing of treatment, 214-215

Orthodontic triage, 208-212, 213, 214
adult, 235

Orthodontics
defined, 4
major responsibilities of, 9

Orthognathic surgery, 4, 674-709
anteroposterior relationships correction,

678-679
for cleft lip and palate, 290-291
genioplasty, 689-691
i ndications, 674-678
integration with other surgery,

691-693
interactive treatment planning, 696-697,

698
patient involvement in planning of, 205
patient management at surgery,

702-703,704
postsurgical orthodontics, 705
postsurgical stability and clinical success,

705-708

Orthognathic surgery-cont'd
presurgical orthodontics, 698-702
surgical management, 703-705
ti ming and sequencing, 693-695
transverse relationships correction,

680-688,689
vertical relationships correction,

679-680,681,682
Orthopedic corrector appliance, 368, 369
Orthopedics, dentofacial; see Orthodontics
Ossification

cranial base, 38
mandible, 40, 43

Ossification center, fetal development, 36
Osteoarthritis, 284
Osteoblast, 297, 302-303
Osteoblast, 302-303
Osteogenesis, distraction, 47-48
Osteoporosis, 308
Osteotomy

lower border in genioplasty, 689-691
ramus in hemifacial microsomia, 286
sagittal split, 674, 675

bilateral, 679
OTMD; see Temporomandibular

dysfunction
Ovaries, 95
Overbite

altered function in, 142
associated with thumbsucking, 135
defined, 10
epidemiology, 9, 10, 12, 13
in hemimandibular hypertrophy, 120
in malocclusion classification, 189
i n muscle weakness syndromes, 119
orthodontic triage, 213, 214
positioners for finishing and, 592
surgery, 679-680, 681, 682, 683, 684,

685
thumbsucking and, 445-446, 447
tongue thrust swallowing, 136, 137
trauma to upper incisors in, 17
treatment

during finishing, 585-586
retention, 602-603

treatment planning
early mixed dentition, 221-222
late mixed and early permanent

dentition, 231-233
primary dentition, 217-218

Overcorrection
to compensate for rebound, 588-589
posterior crossbite, 438

Overjet
defined, 10
epidemiology, 9, 10, 11, 12
Index of Treatment Need grades, 18
in postadolescent class II malocclusion,

surgery versus camouflage therapy,
281,282

tongue thrust swallowing, 136



Over-retained primary teeth
treatment, 430, 431
treatment planning, 222-223

Pacifier sucking, 445
Pad

lingual, 370, 371
lip, 370, 371-372

Paddle spring, 379
Pain

myofascial, 650-655
related to orthodontic treatment,

311-312
temporomandibular

comprehensive treatment in adults,
650-655

malocclusion in, 16-17
Palatal expansion

active plate for, 376-378
components in functional appliance,

372-373
incisor crowding in mixed dentition,

425-429
severe arch length discrepancy,

458-460
maxillary deficiency, 508-511
midpalatal arch opening for, 255-256,

317-319
in adolescent, 534-536
age factors, 317-319
maxillary deficiency, 257-260,

508-509
severe generalized arch length

discrepancy, 458
orthognathic surgery, 680, 685, 686
posterior crossbite, 436-439

Palatal vault
in malocclusion classification, 188
remodeling, 40

Palate
anchorage system in distal movement of

molars, 555-559
cleft

embryonic development, 67-69
treatment planning and, 287-291, 292

expansion; see Palatal expansion
fetal development, 63

Palladium in precious metal alloy, 328
Panoramic intraoral radiography

adjunctive therapy treatment planning,
617

in clinical evaluation, 163
Papilla split procedure, 595-596
Parent involvement in treatment planning,

203-206
Partial denture space maintainer, 420
Passive eruption of gingival attachment,

107
Passive tooth-borne appliance, 367-368

Pathologic dental occlusion, 616
Pathologic personality, 648
Pathologic versus orthodontic problems,

199
Patient

cooperation of, 153
involvement in treatment and treatment

planning, 4, 203-206
positioning in cephalometric radiography,

175
Pattern in growth and development,

25-30
Pavlov, I, 49
PDL; see Periodontal ligament
Peer group, 57
Pendulum appliance, 555-556, 557
Penis, adolescent development, 96
Performance in observational learning,

52-53
Periapical radiography

adjunctive therapy treatment planning,
617

in clinical evaluation, 163
Periodontal disease, 283-284, 619-620

malocclusion and, 17
orthodontic treatment in adults and, 238,

651,652-654,655-667
attached gingiva, 656, 657
disease control, 656-658
hygiene and, 655-656
orthodontic-prosthodontic-implant

interactions, 658-666, 667
surgery and, 694, 695

Periodontal ligament
adjunctive therapy and, 619
dental equilibrium and, 131
reorganization in retention, 597-599
response to orthodontic force, 298-308
structure and function, 296-298

Periodontal pocketing, 655
Periodontium

dental equilibrium and, 130
disease of; see Periodontal disease
evaluation, 154
surgery in soft tissue rebound, 594-596

Permanent dentition; see also specific tooth
cast analysis of unerupted teeth,

167-170
comprehensive treatment, 525-614

alignment, 527-545
leveling, 545-549, 550
molar relationship correction, 552-566

eruption, 78-83
postemergent, 78-83
preemergent, 77-78, 79
sequence and timing, 83-86
space relationships in, 86-91

growth and development, 94-98
missing teeth, 464-466, 467, 468, 469

closure versus prosthetic replacement,
660-666,667,668

Permanent dentition-cont'd
primary tooth trauma in displacement,

124
treatment planning, 228-234

Personal fable, term, 60
Personal identity, development of, 56-57
Personality

adult comprehensive treatment
and, 648

development, 53-58
Pharynx, fetal development, 63
Phospholipids, 302
Phosphoric acid, 397, 398
Physical development, 24-112

adolescent, 94-112
alignment and occlusion, 108-110
dentofacial complex, 98-106
initiation of adolescence, 94-96
teeth and supporting structures,

106-108
timing of puberty, 96-98

adult, 110-112
assessment in diagnosis, 150-153
birth and, 69-72
control theories, 42-48
defined, 24
fetal, 63-72
growth sites, 38-42

growth centers versus, 42
mixed dentition years, 77-92

eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

nature of, 35-37
pattern, variability, and timing, 25-30
primary dentition years, 72-77
social and behavioral, 48-61

cognitive development, 58-61
emotional development, 53-58
learning and, 49-53

studying methods, 30-35
Physical examination, 154-165, 192

facial proportions, 155-163
jaw and occlusal function, 154-155,

156
oral health, 154

Physiologic dental occlusion, 616
Piaget's theory of cognitive development,

58-61
Pierre Robin syndrome, 114, 115
Piezoelectric current, 297, 299
Pins, 371, 386, 402-406, 407
Pitchfork analysis, 273
Pituitary gland

in initiation of adolescence, 94, 95
tumor in class III malocclusion

development, 118, 119
Pituitary gonadotropin, 94-95
Plane

flush terminal, 90, 217
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Plane-cont'd
Frankfort, 174, 175

in McNamara analysis, 179-180
guide, 260-261
mandibular

in allergy and adenoidectomy,
139-140,141

assessment during clinical evaluation,
162-163

jaw rotation and, 103, 104
Planning of treatment, 145-147, 196-239

adjunctive therapy, 617-618
adult, 234-238

camouflage versus surgery, 276-282,
283

anomalies and injuries and, 284-287
cleft lip and palate, 287-291, 292
in early mixed dentition, 218-228

anterior open bite, 221-222
dentofacial problems related to incisor

protrusion, 224
irregular/malpositioned incisors,

219-221
over-retained primary teeth and

ectopic eruption, 222-224,225
posterior cross bite, 221, 222
serial extraction, 227-228
skeletal problems, 224
space problems, 218-219, 224-227

evidence for clinical decisions, 240-245
extraction in malocclusion treatment,

249-256
growth modification in skeletal

problems, 256-276
class 11 malocclusion, 260-269, 270,

272-276
class III malocclusion, 270-272
transverse maxillary deficiency,

260-264
in late mixed and early permanent

dentition, 228-234
multiple dental problems, 282-284
need for treatment and, 207-208
orthodontic triage, 208-212, 213, 214
reducing uncertainty in, 245-249
sequence for, 146-147, 197-207
systemic disease and, 284, 285
ti ming of treatment, 214-215

Plaque, 655
Plastic arch wire, 331
Plastic bracket, 411, 648
Plastic sources of elastic, 337-338
Plate

active, 376-378
combined with functional removable

appliance, 384
epiphyseal

body size and, 96
fetal development, 36

split, 366, 378, 384

Plate-cont'd
Y, 377

variant of, 377-378
Platinum in precious metal alloy, 328
Plier, band-removing, 590, 591
Pogonion,172,173

in Steiner analysis, 176
Polycarbonate bracket, 311
Polycrystalline alumina bracket, 411, 412
Polycrystalline zirconia bracket, 411, 412
Polysiloxane record, 164
Pont's index, 256
Potion, 173

anatomic, 174, 175
machine, 174, 175

Positioners
for finishing, 592-593
as retainers, 606-607

Positive reinforcement, 50-51, 52
Postemergent eruption, 78-83
Postemergent spurt, 81
Posterior crossbite

defined, 10
epidemiology, 9, 10
Index of Treatment Need grades, 18
in malocclusion classification, 187
orthodontic triage, 212, 214
treatment

adolescent, 534-538
preadolescent child, 435-439, 440,

441,472-473
two-couple system for, 355-357

treatment planning
early mixed dentition, 221, 222
primary dentition, 216-217

Posterior nasal spine point, 172, 173
Posterior open bite, 189
Posterior teeth; see Molar
Posture, malocclusion caused by changes

in, 138
Practice; see Orthodontic practice
Preadolescent

growth and development, 77-92
eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

orthodontic treatment, 417-524
anterior crossbite, 440-442, 443
complex problems; see Complex

nonskeletal problems
crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
facial asymmetry, 519-522
mandibular deficiency, 481-493, 494
mandibular excess, 515-518
maxillary deficiency, 508-515, 516
maxillary dental protrusion, 444-445
maxillary excess, 494-508

Preadolescent-cont'd
orthodontic treatment,-cont'd

maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439-440, 441

space analysis, 167-170
thumbsucking and, 135
treatment planning, 218-234

anterior open bite, 221-222
anteroposterior problems, 231
dentofacial problems related to incisor

protrusion, 224
irregular/malpositioned incisors,

219-221
over-retained primary teeth and

ectopic eruption, 222-224, 225
posterior cross bite, 221, 222
serial extraction, 227-228
skeletal problems, 224
space problems, 218-219, 224-227,

229-230
timing, 215
transverse problems, 229-231
traumatic dental displacement and

ankylosis, 233-234
vertical problems, 231-233, 234

Precious metal alloys, 328
Preemergent eruption, 77-78, 79
Pregnancy, jaw growth during, 110
Prematurity, 72, 73
Premolar

bands and bonded attachments removal,
590

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
bracket placement for molar uprighting

in adjunctive treatment, 622-623
chronology of development, 83, 84, 85
eruption

ectopic, 123
eruption of second molar before, 86

extraction
class 11 treatment in adolescent,

274-275,276,531-532,561-565
closure of extraction site, 348, 349
Hawley retainer in, 604, 605
serial, 227, 460, 461-462
space provided by, 229

retraction, 251-253
root resorption during orthodontic

therapy, 314, 315
supernumerary, 121
third, evolutionary disappearance, 14
torque prescription for straight-wire

appliance, 389
unerupted, lower incisor width in

prediction of, 168
Prenatal development, 63-72

disturbances as cause of malocclusion,
113,114
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Prenatal development-cont'd
embryologic, 63-69, 70
skeletal, 35-37

Preoperational period of cognitive
development, 58-59

Preschool child; see also Child; Primary
dentition

growth and development, 72-74
treatment planning, 215-218

Prescription, appliance, 389
Pressure, equilibrium effects of; see

Equilibrium theory
Pressure-tension theory, 298-299, 300-301
Primary dentition; see also specific tooth

ankylosed teeth
attachment of facebow to, 513, 514
treatment, 430-431, 432

early loss of teeth
as cause of malocclusion, 123-124
space maintenance in, 219
space regaining, 424-425, 426, 427
treatment planning, 216

growth and development, 70, 72-77
over-retained teeth

treatment, 430, 431
treatment planning, 222-223

resorption in permanent tooth eruption,
77-78

serial extraction, 461, 462
space relationships in replacement,

86-91
trauma in permanent tooth

displacement, 124
treatment planning, 215-218

missing with adequate space,
218-219

Primary failure of eruption, 78
treatment planning, 233, 234

Primate space, 76-77
Problem list

for adjunctive treatment, 617
development of, 190, 191, 192, 193, 194
setting priorities for, 200-202

Problem-oriented approach, 145-196
clinical evaluation, 154-165

facial proportions, 155-163
jaw and occlusal function, 154-155,

156
oral health, 154

diagnostic records, 163-185
cast analysis, 165-170
cephalometric analysis, 170-185
orthodontic classification, 185-191
problem list development, 190, 191,

192, 193, 194
types, 163-165

questionnaire/interview, 149-154
Procaine, 308
Profile analysis, 159-163
Progesterone, 95

Prognathism
functional appliance, 272
genetic factors, 142
surgery, 679, 693
total nasal obstruction and, 138-139

Proportion
body, during normal growth and

development, 25
facial

assessment using cephalometric
radiography, 164-165

clinical evaluation, 155-163
diagnostic records, 164-165
in orthodontic classification, 186
orthodontic triage, 209-211

Proportional limit, term, 327
Proportionality in growth and

development, 25
Prospective data, 240-241
Prostaglandin inhibitors, 308
Prostaglandins, 302, 306
Prosthodontics, 658-666, 667
Protrusion

bimaxillary dentoalveolar, 161, 162
orthodontic triage, 211
treatment in preadolescent child,

444-445,463-464
treatment planning

late mixed and early permanent
dentition, 229, 230

primary dentition, 216, 217
Pseudo-class III malocclusion, 155, 156
Psychosocial factors

adult comprehensive treatment,
644-650

growth and development, 72, 73
i n need for orthodontic treatment,

15-16
orthognathic surgery, 677-678

Pterygomaxillary fissure, 173
Puberty

initiation of, 94-96
ti ming of, 96-98

Pulp
maturational and aging changes, 106, 107
orthodontic force effect on, 312-313

Pulp therapy in traumatically displaced
tooth, 476

Pulsed magnetic field, 338
Punishment in behavioral development,

51,52
Pupil- midfacial distance, 159

Q
Quad helix appliance

maxillary deficiency, 508
posterior crossbite in mixed dentition,

437-439
Questionnaire in diagnosis, 149-154

Quinidine, 308
Quinine, 308

R
Radiation therapy, 211
Radiography

adjunctive therapy treatment planning,
617

cephalometric, 4, 170-185
development of, 172-174
facial proportion evaluation, 164-165
for growth studies, 31
Harvoid analysis, 179, 180
horizontal reference line, 174-176
landmarks, 172, 173
McNamara analysis, 179-182
Sassouni analysis, 178-179
Steiner analysis, 176-178
template analysis, 182-184
Wits analysis, 179

in clinical evaluation, 163
hand and wrist for skeletal age

assessment, 91-92
i mplant, 34-35

jaw rotation during adolescent
growth, 101-104

traumatically displaced tooth diagnosis,
475,476

unerupted teeth size assessment, 167
Ramp in functional appliance, 371
Ramus

growth and development, 41-42
during adolescence, 99

osteotomy in hemifacial microsomia, 286
Randomized clinical trial, 241

1990s, 263-267
Range of elastic material, 326-328, 332,

333
effects of size and shape on, 334-337

Range of motion, temporomandibular
joint, 155

Range ratio, 332
Ratio

Holdaway, 177
range, 332
stiffness, 332
strength, 332

Reasoning, abstract, 60
Rebound, 588-589, 594-596
Reciprocal tooth movement, 309
Record

diagnostic, 163-185
cast analysis, 165-170
cephalometric analysis, 170-185
orthodontic classification, 185-191
problem list development, 190, 191,

192, 193, 194
types, 163-165

polysiloxane, 164
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Rectangular arch wire
for finishing

final tooth settling, 589
incisor torquing, 582-583, 584-585
root paralleling, 580

for impacted second molar alignment,
542

for initial alignment in early permanent
dentition, 528

leveling by extrusion and, 546
single molar uprighting in adjunctive

treatment, 623, 624
Reference line in cephalometric analysis,

174-176
Regaining of space

mandibular, 458
maxillary, 457
preadolescent child, 424-425, 426, 427
treatment planning, 219

Reinforced anchorage, 309-310
Reinforcement

of anchorage, 347-348
in behavioral development, 50-51, 52

Relapse
into anterior deep bite, 602-603
class II treatment, 600-601
class III treatment, 601
finishing procedures to avoid, 594-596
major causes of, 598

Relative intrusion, 545-546
Releasing factors in initiation of

adolescence, 94, 95
Reminder therapy in digit sucking

prevention, 445
Remodeling

cranial vault, 38
fetal, 37
mandibular, 41
maxillary, 40

during adolescence, 98-99
root, 313

Removable appliance, 363-384
active plate treatment combined with,

384
adjustment, 375, 376
adult treatment, 618
anterior crossbite, 440, 442
with bite blocks for vertical excess,

503-505
class II malocclusion, 261-267

in adolescence, 273-274
with long face and open bite, 268-269
with normal face height, 267-268
with short face, deep bite, 267

components approach to, 369-374
development, 364-366
for growth modification, 367-375, 376,

384
i nstructing young child, 56
mandibular deficiency, 483-491

Removable appliance-cont'd
mandibular excess, 518
mandibular prognathism, 272
maxillary dental protrusion, 444
maxillary space regaining, 424-425,

426,427
midline diastema closure, 428-429
as retainers, 604-607
for tooth movement, 376-384
vertical deficiency, 491, 493, 494

Removal
bands and bonded attachments,

590-591,592
frenum, 542-545

Resilience of elastic material, 328
Resin build-up for tooth size discrepancy,

587, 588
Resistance, center of, 340, 619
Resorption

during camouflage therapy, 282, 283
fetal, 37
frontal, 298, 303
mandibular, 41
maxillary, 40

during adolescence, 99
from permanent maxillary first molar

ectopic eruption, 433
i n preemergent eruption of permanent

teeth, 77-78
root in orthodontic therapy, 313-315
undermining, 303

Respiration
maturation of function, 74
need for treatment and, 207
pattern as cause of malocclusion,

137-141
Restoration in adult comprehensive

treatment, 657
Retainer

active, 610-614
diastema closure maintenance, 464
fixed, 607-610
following palatal expansion, 510
removable, 604-607

Retention, 597-614
active retainers, 610-614
in adult, 670-672
complex problems in mixed dentition

and, 451
fixed retainers, 607-610
occlusal changes related to growth,

599-604
removable appliances as retainers,

604-607
reorganization of periodontal and

gingiva tissue, 597-599
Retinoic acid

neural crest impairment induced by, 65
as teratogen affecting dentofacial

development, 114

Retraction
first premolar, 251-253
incisor

maximum, 572-576
minimum, 576-577
into a premolar extraction space, 274- 275

maxillary canine with J-hook headgear,
563

Retraction loop for alignment in premolar
extraction site, 531

Retraction spring, 347
canine, 574
first premolar retraction in second

premolar extraction case, 571
space closure with segmented arch

approach, 572,573
Retrospective data, 240-241
Retrusion

orthodontic triage, 211
treatment planning, 216, 217

Reverse curve of Spee, 526
in leveling by extrusion, 545

Reverse headgear, 270-271
Reverse overjet

epidemiology, 10, 11
Index of Treatment Need grades, 18

Reward system in digit sucking prevention,
445

Rheumatoid arthritis
cephalometric radiography, 172
mandibular asymmetry, 166
treatment planning, 284, 285

Rhinoplasty, 691-693
Ribbon arch, 386

Begg appliance as modification of, 387
Rickett's cephalometric analysis, 179
Rickett's utility arch, 546, 547
Robin's monobloc, 261
Rolled loop for alignment in premolar

extraction site, 532
Root

distortion of form; see Maceration
growth and development

permanent dentition, 83, 84, 85
primary dentition, 70

optimum forces for uprighting, 304
orthodontic force effect on, 313-315
paralleling at extraction sites, 578-580, 581
two point contact in position control,

340-343
Root canal therapy; see Endodontic

treatment
Rotation

automatic control in edgewise appliance,
387-388

center of, 340
jaw

during adolescence, 101-106
during adulthood, 110

optimum forces for, 304, 305



I NDEX 737

Rubber sources of elastic source, 337-338
Rubella virus, 114
Rural population, demand for orthodontic

treatment, 20

s
Sagittal split osteotomy, 674, 675

bilateral, 679
Sample size in study design, 242
SARPE; see Surgically-assisted rapid palatal

expansion
Sassouni cephalometric analysis, 178-179
Scammon's curves for growth, 25, 26, 95
Scarring, dental arch distortion from,

128, 129
Schematic template, 183
School-age child

emotional development, 55-56
growth and development, 77-92

eruption of permanent teeth, 77-86
skeletal and developmental age

assessment, 91-92
space relationships in, 86-91

Schwartz, M, 366
Schwartz Y plate, 377
Screw, expansion, 370, 372, 375-376
Scrotum, adolescent development, 96
Seasonal factors in physical growth rate, 97
Second molar

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development

permanent dentition, 83
primary dentition, 70

early loss in primary dentition, 216
space regaining, 219

eruption
early, 86
permanent dentition, 83, 85

extraction
class 11 treatment in adolescent, 274,

276
distalization of first molars after,

558-559,560
space provided by, 229

molar tube offset, 403
space maintenance, 419
torque prescription for straight-wire

appliance, 389
unerupted or impacted, alignment of,

541-542,543
Second premolar

bracket and/or tube inclination, 405
bracket and/or tube torque, 407
chronology of development, 83, 84, 85
eruption

ectopic, 123
second molar eruption before, 86

extraction, space provided by, 229

Second premolar-cont'd
root resorption during orthodontic

therapy, 314, 315
torque prescription for straight-wire

appliance, 389
Second-order bend, 402, 403-406
Segmented arch system, 358-359

in adult treatment, 668-673
for leveling, 548-549, 550
for space closure, 572, 584

Self-ligating bracket, 389, 390
Sella, 173
Sensitivity in diagnostic records, 244
Sensorimotor period of cognitive

development, 58
Sentinol; see Austentistic nickel-titanium
Separating spring, 392, 393
Separation anxiety, 55
Serial extraction

for severe crowding, 460-463
treatment planning, 227-228

Sertoli cell, 96
Settling of teeth after treatment, 588-589,

590
positioners for, 592-593

Sex hormones, 99-95, 96-97, 98
Sexual maturation, 29, 74, 94-98, 156
SGA; see Small-for-gestational age
Shame, autonomy versus, 55
Shield

buccal, 370, 372
mandibular deficiency, 488-489

lingual, 370
wire, 370-372

Shoe space maintainers, 420, 421
Short face pattern

biting force in, 133
jaw rotation in, 104, 105
surgery, 680
treatment, 491-493, 494
treatment planning, 266, 267

Sidewinder spring, 342
Silicone implant in genioplasty, 689
Sites of growth, 3 8-42
Size

arch wire, 336-337
bracket slot, 343-344, 388, 407, 408
tooth, discrepancies, 587-588

assessment, 170
treatment during finishing, 587-588
treatment planning, 229,230

Skeletal age assessment, 91-92, 150-153
Skeletal deep bite, 178; see also Deep bite
Skeletal growth

in adulthood, 110-112
disturbances in development of

malocclusion, 114-117
contemporary perspectives, 142

nature of, 35-37
sites and types of, 38-42

Skeletal malocclusion
in older patients, camouflage versus

surgery, 276-282, 283
treatment, 478-523

mandibular deficiency, 481-493, 494
treatment planning

early mixed dentition, 224
growth modification, 256-276
orthodontic triage, 211

Skeletal open bite, term, 178; see also Open
bite

Skinner's theory of operant conditioning,
50-52

Skull proportion in growth and
development, 25, 26

Sleep apnea, 141
Sliding jig, 557-558
Sliding pin and tube, 371
Sliding space closure, 571
Slot size, 343-344, 388, 407, 408
Small-for-gestational age, 73
Smoking

maternal, cleft lip and palate formation,
69

as teratogen affecting dentofacial
development, 114

SNA angle
headgear versus functional appliance,

263-264
in Steiner cephalometric analysis, 176

SNB angle
headgear versus functional appliance,

263-264
in Steiner cephalometric analysis, 176

SN-mandibular plane angle, 176
Social development, 48-61

assessment in diagnosis, 153-154
learning and, 49-53

Socioeconomic factors in demand for
orthodontic treatment, 20-21

Soft tissue
damage from improper placement and

adjustment of functional appliance,
485,487

dehiscence of, 154
growth and development, 35

during adulthood, 110, 111
control of, 45
Scammon's curves, 25, 26

rebound control, 599-596
recovery after orthodontic treatment,

598
Space closing, 567-577

adult treatment, 668-670
maximum incisor retraction, 572-576
minimum incisor retraction, 576-577
moderate anchorage situation, 567-572,

573
preadolescent child, 463-466, 467, 468,

469
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Space closing-cont'd
presurgical, 700-702
prosthetic replacement versus, 660-666,

667
Space maintenance in early mixed

dentition, 418-421, 422, 423
deficiency due to allowance for molar

shift, 452-457
treatment planning, 218-219

Space regaining
mandibular, 458
maxillary, 457
preadolescent child, 424-425, 426, 427
treatment planning, 219

Spacing
i n canine and primary molar

replacement, 89-91
casting in analysis of, 166-170
i n incisor replacement, 86-89
primary dentition, 76-77
problems in; see Spacing problems

Spacing problems
excess space, 463-466, 467, 468, 469
orthodontic triage, 212, 213
treatment in preadolescent child,

424-435
complex problems, 452-463

treatment planning
mixed dentition, 218-219, 224-227,

229, 230
permanent dentition, 229, 230

Spasm in temporomandibular dysfunction,
650, 653

Specificity in diagnostic records, 244
Spec, curve of, 526

i n anterior open bite correction during
finishing, 586

in leveling by extrusion, 545
Speech

clinical evaluation, 154-155
malocclusion in dysfunction, 16
maturation of function, 74, 75
need for orthodontic treatment and, 208

SPEED bracket, 389
Sphenoccipital synchondrosis, 173
Spheno-ethmoidal synchondrosis, 39
Spheno-occipital synchondrosis, 38
Splinting

class 11 treatment in adolescent, 274,
275

disk displacement, 650
presurgical, 702-703, 704
stabilization after tooth movement in

adjunctive treatment, 627
for temporomandibular symptoms,

672,673
vertical excess, 502, 504

Splint-type retainer, 671
Split osteotomy, sagittal, 674, 675

bilateral, 679

Split-plate appliance, 366, 378, 384
Spring

anterior crossbite, 442, 473-474
for arch expansion, 370, 372

i n active plates, 375
class II treatment in adolescent, 274, 275
controlling force with varying materials

and sizes and shapes of, 336-337
elastic behavior of, 326-328
force eruption in adjunctive treatment,

628
for individual tooth movement in

removable appliance, 378-380
activation of, 383

i n one couple system, 350-351
retraction, 347

first premolar retraction in second
premolar extraction case, 571

space closure with segmented arch
approach, 572,573

separating, 392, 393
single molar uprighting in adjunctive

treatment, 623, 624-625
torquing, 370, 374
unerupted tooth alignment, 541, 542,

543
uprighting, 578, 580
vertical excess, 507

Spring retainer, 610-611, 612, 613
Springiness of elastic material, 326-328,

332, 333
effects of size and shape on, 334-337

Stabilitv
components in functional appliance,

373-374
considerations in extraction, 254-255
postsurgical, 705-708
posttreatment, 597-599
presurgical, 702-703, 704
role of periodontal ligament in, 298

Staining
tetracycline, 33, 635
vital, 32-34

Stainless steel arch wire, 328, 329,
332-334

surface qualities, 336
useful sizes, 336

Stainless steel bracket, 411, 412
stamped versus cast, 410

Staley-Kerber predictions, 168
Stamped stainless steel bracket, 410
Stationary anchorage, 310
Statistical significance in data analysis,

242-243
Steel bracket, 411, 412
Steiner cephalometric analysis, 176-178
Step bend, 354
Steroid therapy, 284, 308

postsurgical withdrawal, 677-678
Stickler syndrome, 114

Stiffness of elastic material, 326-328, 332,
333

effects of size and shape on, 334-337
Stiffness ratio, 332
Stockli-type activator, 374
Straight-pull headgear, 268

distalization of first molars after second
molar extraction, 558

Straight-wire appliance, 388-389
edgewise brackets and tubes in, 402-406,

407
Strain in elastic behavior of materials, 326,

327, 328
Strap, neck, 502
Streaming potential, 299
Strength of elastic material, 326-328, 332,

333
effects of size and shape on, 334-337

Strength ratio, 332
Stress factors

growth and development, 72, 73
temporomandibular dysfunction, 16

Stress in elastic behavior of materials, 326,
327, 328

Stripping of enamel
i ncisor to reduce mediodistal width, 611
i nidline discrepancy, 587

Study designs, 240-242
Subdivision of tooth movement, 348
Succedaneous tooth eruption, 85
Suckdown plastic wafer, 670
Sucking, 75

as cause of malocclusion, 134-135
prevention, 445-446, 447

Suckling, newborn, 74
Sunday bite, term, 155
Superelastic wire, 329, 330

alignment of impacted or unerupted
tooth, 471, 472, 539, 540

initial alignment in early permanent
dentition, 528

asymmetric crowding, 533
with edgewise appliance, 529-532

root paralleling during finishing, 580
traveling of, 530-531

Supernumerary teeth
as cause of malocclusion, 121-122
i n cleidocranial dysplasia, 78
eruption problems in mixed dentition,

470
Index of Treatment Need grades, 18

Supporting structure, changes during
adolescence, 106-108

Surface apposition of bone, 35
Surface quality influence on friction,

345-346
Surface remodeling

mandibular, 41
maxillary, 40

during adolescence, 98-99
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Surgery, 4, 674-709
anteroposterior relationship correction,

678-679
versus camouflage therapy, 276-282, 283
for cleft lip and palate, 290-291
genioplasty, 689-691
i mpacted or unerupted teeth, 539
indications, 674-678
interactive treatment planning, 696-697,

698
patient involvement in planning of, 205
patient management at, 702-703, 704
postsurgical orthodontics, 705
postsurgical stability and clinical success,

705-708
presurgical orthodontics, 698-702
in soft tissue rebound, 594-596
surgical management, 703-705
timing and sequencing, 693-695
transverse relationships correction,

680-688,689
vertical relationships correction,

679-680,681,682
Surgically-assisted rapid palatal expansion,

706
Suture, cranial, 38

early closure of, 69
growth control and, 42

Swallowing
equilibrium effects on dentofacial

complex, 129
malocclusion in dysfunction, 16
maturation of function, 74-76
need for orthodontic treatment and, 208
tongue thrust, 135-137

Symmetric bends in two-couple system,
353-355

Symmetry, cast analysis, 165-166
Synchondrosis

sphenoccipital, 173
spheno-ethmoidal, 39
spheno-occipital, 38

Synchrodesis, 38-39
Syndrome

Crouzon's, 69, 70
fetal alcohol, 64
maternal deprivation, 54
muscle weakness, 118, 119
Pierre Robin, 114, 115
Stickler, 114
Treacher Collins, 65

Synostosis syndrome, 69, 70
Systemic disease, orthodontic treatment

and, 284, 285

T
Technium scanning in hemifacial

microsomia, 286, 287
Temperament, influence on behavior, 48

Template cephalometric analysis, 182-184
Temporary restoration, 657
Temporomandibular dysfunction

malocclusion as cause of, 16
need for treatment and, 207-208

in adults, 650-655, 672-673
premolar extraction and, 276
surgery and, 694-695

Temporomandibular joint
birth trauma, 114
clinical evaluation, 155, 163
dysfunction; see Temporomandibular

dysfunction
relocation during mandibular growth,

100
Teratogens, 113, 114
Testes, 95
Testosterone, 94
Tetracycline, 308
Tetracycline staining, 33, 635
Thalidomide

neural crest impairment induced by, 64
as teratogen affecting dentofacial

development, 114
Therapeutic diagnosis, term, 248-249
Thermoelasticity, 329
Third incisor, evolutionary disappearance,

14
Third molar

chronology of development, 83, 85, 86
pressure from during adolescence, 109
unerupted or impacted, surgery for, 694

Third premolar, evolutionary
disappearance, 14

Third-order bend, 402, 406, 407
Thompson, D, 32
Thrust, tongue, 135-137
Thumbsucking, 130, 134-135

prevention, 445-446, 447
Thymidine, 34
Thyroid hormone deficiency

growth and development and, 131
root resorption and, 314-315

Time-out in behavioral development, 51
Timing

adjunctive treatment, 619-620
comprehensive treatment in adult, 215
eruption of permanent teeth, 83-86
growth and development, 25-30

adolescent, 29, 96-98
growth modification, 481
orthodontic treatment, 214-215
orthognathic surgery, 693-695
puberty, 96-98

Tip-Edge appliance, 342, 582-583
Tipping

for anchorage control, 348
choice of alignment wires in, 527-528
elimination or control, 341
optimum forces for, 304

Tissue
damage from improper placement and

adjustment of functional appliance,
485,487

dehiscence of, 154
growth and development, 35

during adulthood, 110, 111
control of, 45
Scammon's curves, 25, 26

rebound control, 594-596
recovery after orthodontic treatment,

598
Tissue-borne appliance, 369, 370
Titanium bracket, 410, 412

surface qualities, 345
T -loop

incisor retraction, 571
molar uprighting, 624, 626
single tooth extrusion, 630

TMA; see Beta-titanium
Toddler, emotional development, 55
Tongue

contact with lips in infant, 75
equilibrium effects on dentition,

128-129,130
positioning for airway establishment

after birth, 74, 75
size of in mandibular growth, 131
suckling in newborn and, 74-75
thrusting as cause of malocclusion,

135-137
Tooth

adjustment during finishing, 581
anchorage value of, 309
bodily movement

extraction site closure with closing
loops, 568

first molar distalization after second
molar extraction, 558-559

during jaw rotation, 105
midline shift requiring, 453
of molars for space regaining, 455, 457
optimum forces for, 304

casting for size analysis, 170
clinical evaluation, 154, 163
decay, 17
development disturbances

as cause of malocclusion, 118-125
orthodontic triage, 211-212

equilibrium effects on, 128-131
evolutionary trends, 14, 15
final settling of, 588-589, 590
growth and development

during adolescence, 106-108
arrest at birth, 71
chronology of, 70

impacted
treatment, 538-542, 543
treatment planning, 233

malformed, 121-122
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Tooth-cont'd
movement of; see Tooth movement
natal, 76
neonatal line, 71-72
supernumerary

as cause of malocclusion, 121-122
in cleidocranial dysplasia, 78
eruption problems in mixed dentition,

470
Index of Treatment Need grades, 18

surface preparation for bonding, 397,
398

translocation during jaw rotation, 105
traumatic displacement of, 124-125

orthodontic triage, 213, 214
treatment in mixed dentition, 476
treatment planning, 233-234

'16oth movement
adjunctive treatment, 618
in adolescent, 274-275
anchorage and, 308-311
biological control of, 298-301
bodily

extraction site closure with closing
l oops, 568

first molar distalization after second
molar extraction, 558-559

during jaw rotation, 105
midline shift requiring, 453
of molars for space regaining, 455,

457
optimum forces for, 304

effects of force distribution and types of,
304-305

forces, moments, and couples in, 340,
341, 342

preadolescent child, 417-524
anterior crossbite, 440-442, 443
crowding and malalignment, 418-429
ectopic eruption, 431-435
eruption problems, 430-431, 432
maxillary dental protrusion, 444-445
maxillary midline diastema, 429-430
oral habit prevention, 445-446, 447
posterior crossbite, 435-439-440, 441

removable appliance for, 376-384
subdivision of, 348
transverse of posterior teeth, 355-357

Tooth size discrepancy
assessment, 170
treatment during finishing, 587-588
treatment planning, 229, 230

Tooth-colored fixed appliance, 391
Topical fluoride application, 591
Torque

of i ncisors during finishing, 581-585
placement in bracket, 406, 407
prescription, 398

"lorquing spring, 370, 374
vertical excess, 507

Torsion, properties of wire in, 332, 333,
334

Torticollis, facial asymmetry, 118
Total rotation of jaw, 102
Toxoplasma, 114
TPI; see Treatment Priority Index
Traction

traumatically displaced tooth, 476
unerupted canines, 470, 471

Translocation
during jaw rotation, 105
of molars for space regaining, 455, 457
optimum forces for, 304

Transpalatal lingual arch, 357
Transverse expansion of arch, 377
Transverse movement ofposterior teeth,

355-357
Transverse problems

maxillary deficiency
treatment in mixed dentition, 508-511
treatment planning, 256-260

orthognathic surgery, 680-688, 689
treatment planning in late mixed

dentition and early permanent
dentition, 229-231

Trauma
birth, 114
displacement of teeth, 124-125

orthodontic triage, 213, 214
treatment in mixed dentition, 476
treatment planning, 233-234

need for orthodontic treatment to
prevent, 17, 208

treatment for, 284-287
Treacher Collins Syndrome, 65
Treatment

addressing pathologic problems before,
1 99

biomechanics of, 295-325
anchorage and its control, 308-311
effects on alveolar bone height,

315-317
effects on pulp, 312-313
effects on root structure, 313-315
growth modification, 317-323, 324
mobility and pain, 311-312
periodontal ligament and bone

responses, 298-308
changing goals of, 2-9
comprehensive; see Comprehensive

orthodontic treatment
demand for, 20-21
divided into stages, 526
drugs effects on, 306-308
goals of, 527
history, 2-4
mechanical principles, 326-361

anchorage control, 344-349
application of complex force systems,

353-360

Treatment-cont'd
mechanical principles-cont'd

basic properties of elastic material,
326-328

comparison of contemporary arch
wires, 331-334

design factors in orthodontic
appliances, 340-344

determinant versus indeterminate
force systems, 349-352

effects of size and shape on elastic
properties, 334-337

magnets as source of orthodontic
force, 338, 339

orthodontic arch wire materials,
328-331

rubber and plastic sources of elastic
force, 337-338

mechanics of, 295
motivation for

adolescent, 57
adult, 644-645
assessment during initial interview, 153

need for, 15-20, 207-208
patient involvement in, 4
planning; see Treatment planning
as preparation for surgery, 281
ti ming of, 214-215

Treatment planning, 145-147, 196-239
adjunctive therapy, 617-618
adult, 234-238

camouflage versus surgery, 276-282,
283

anomalies and injuries and, 284-287
cleft lip and palate, 287-291, 292
i n early mixed dentition, 218-228

anterior open bite, 221-222
dentofacial problems related to incisor

protrusion, 224
irregular/malpositioned incisors,

219-221
over-retained primary teeth and

ectopic eruption, 222-224, 225
posterior cross bite, 221, 222
serial extraction, 227-228
skeletal problems, 224
space problems, 218-219, 224-227

evidence for clinical decisions,
240-245

extraction in malocclusion treatment,
249-256

growth modification in skeletal
problems, 256-276

class IT malocclusion, 260-269, 270,
272-276

class III malocclusion, 270-272
transverse maxillary deficiency,

260-264
in late mixed and early permanent

dentition, 228-234
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Treatment planning-cont'd
multiple dental problems, 282-284
need for treatment and, 207-208
orthodontic triage, 208-212, 213, 214
reducing uncertainty in, 245-249
sequence for, 146-147, 197-207
systemic disease and, 284, 285
ti ming of treatment, 214-215

Treatment Priority Index, 17
Triage, orthodontic, 208-212, 213, 214

adult, 235
Tricyclic antidepressants, 308
True rotation of jaw, 102
Trust, development of, 54-55
Tube, 386, 402-406, 407, 408

contemporary edgewise appliance,
402-406,407,408

frictionless retraction of canine, 574
in Herbst appliance, 371
molar uprighting in adjunctive

treatment, 622
space closure with segmented arch

approach, 572,573
vertical excess, 507

Tumor, anterior pituitary gland, 118, 119
Tweed, C, 251
Tweed technique, 405, 574
21 slot bracket, 407

extraction space closure, 571-572, 573
for leveling, 546
molar uprighting in adjunctive

treatment, 624
22 slot bracket

for finishing
incisor torquing, 583-584, 585
root paralleling, 580

maximum incisor retraction, 574-576
Twin block appliance, 367-368

mandibular deficiency, 490-491
Twinlock bracket, 390
Twin-wire appliance, 386-387
Two point contact in root position control,

340-343
2x4 appliance

anterior crossbite, 474
to change incisor position, 355, 356
maxillary midline diastema, 463
nonskeletal mixed dentition treatment,

450
2x6 appliance, 356
Two-couple system, 351-352

continuous, 359-360
lingual arches as, 357-358
segmented, 358-359
symmetric and asymmetric bends, 353-355
transverse movement of posterior teeth,

355-357
utility and 2x4 arches to change incisor

position, 355, 356
Tylenol; see Acetaminophen

Ugly duckling stage of development, term,
89,429

Undermining resorption, 303
Unerupted permanent teeth

size assessment, 167-170
treatment in adolescent, 538-542, 543

Unilateral class II malocclusion, treatment
of, 559-560

Unilateral crossbite, 439, 472-473
United States Health Service Guidelines,

163
University of North Carolina, 263-267
Unloading curve for nickel-titanium wire,

330
Upper extremity proportion in growth and

development, 26
Upper lip vermilion, 159
Uprighting

for anchorage control, 348
i mpacted second molar, 542
optimum forces for, 304
posterior teeth in adjunctive treatment,

620-627
Uprighting spring, 342, 582
Urban population, demand for orthodontic

treatment, 20
Utility arch, 546, 547-548

leveling by intrusion, 546, 547-548
with segmented arch technique, 549,

550
maxillary or mandibular incisor

repositioning, 458-459
with segmented arch technique, 549, 550

V
Valium, 114
Variability of growth and development,

25-30
Vascular system, 297
V bend,353-354

closing loop as, 568
Velocity curve, 29, 31-32
Ventilatory exchange rate, 138
Vertical face

development, jaw rotation and, 102-103
proportion assessment during clinical

evaluation, 162-163
Vertical problems

orthodontic triage, 211
orthognathic surgery, 679-680,

681,682
treatment

vertical deficiency, 491-493, 494
vertical excess, 501-508

treatment planning
late mixed and early permanent

dentition, 231
primary dentition, 217-218

Video image, 246
Viscera, Scammon's curves for

growth, 26
Visualized treatment objectives, 246, 247
Vital staining, 32-34
Vitamin D

effects on orthodontic force, 306
as teratogen affecting dentofacial

development, 114
Voice control in behavioral management,

52
VTO; see Visualized treatment objectives

W
W-arch appliance

maxillary deficiency, 508
posterior crossbite in mixed dentition,

437
Wax bite, 164, 485-488
Weight

birth, low, 72, 73
fetal, third trimester, 69-70
growth charts, 27, 28

Whip spring, 473
White population

cephalometric values, 177
incisor crowding/malalignment, 11
Index of Treatment Need, 20
occlusal contact discrepancies, 12, 13

Wire
alignment in adolescent, 527-529

with edgewise appliance, 529-533
of impacted or unerupted tooth, 539,

540
bends, 332, 333

elimination in straight wire system,
402-406,407

leveling in Begg technique, 546
in two-couple system, 353-355, 356,

357
closing loop, 347

extraction space closure in class II
treatment, 567-571

comparison of contemporary wires,
331-334

controlling force with varying materials
and size and shape of, 336-337

controlling force with varying materials
and size-shape, 336-337

elastic behavior of, 326-328
finishing

final tooth settling, 589
incisor torquing, 582-585
root paralleling, 578, 580

gold
properties of, 329
useful sizes, 336

leveling, 545-549, 550
materials used for, 328-331

V
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Wire-cont'd
nickel-titanium, 328-331

alignment treatment in adolescent,
529-530

ceramic brackets and, 411-413
distal movement of molars, 555
surface qualities, 345
useful sizes, 336

plastic, 3 31
preformed, 414-416
presurgical stabilization, 702
rectangular

for initial alignment in early
permanent dentition, 528

single molar uprighting in adjunctive
treatment, 623, 624

Wire-cont'd
stainless steel, 328, 329, 332-334

surface qualities, 336
useful sizes, 336

surface quality influence on friction,
345-346

symmetric and asymmetric bends in
two-couple system, 353-355

Wire osteosynthesis, 701
Wire shield, 370-372
Withdrawal, steroid, 677-678
Wits cephalometric analysis, 179
Wolff's law of bone, 249, 250
Woodside-type activator, 367
Working bite

class II malocclusion treatment, 485-488
class III functional appliance, 518

Wraparound retainer, 605-607
Wrist radiography in skeletal age

assessment, 91-92, 150-153

X
X-radiation, 114

Y
Y plate, 377

variant of, 377-378
Yield strength, 327

Z
Zinc phosphate cement, 396-397
Zygomatic width, 159
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افزارهـاي   هـا در قالـب نـرم    هاي پزشكي دنيا و ارائه اين يافته هاي مختلف علوم و استفاده بهينه از آخرين يافته  رشتههمگام با توسعه علمي و فرهنگي جهان معاصر و استفاده روزافزون كامپيوتر در بين جوامع بشري خصوصاًً             
اميد است مشوق ما . زشكي كشور به صورت سمعي و بصري برداريمهاي پ ها گامي كوچك در راه ارتقاء سطح علمي متخصصين كليه رشته ما را بر آن داشت كه با گردآوري و ارائة اين يافته...)  و ebook  ، VCD ، DVD ، VHS(پزشكي  

 .در اين راه باشيد
 واريز و پـس     نگي سالكان  به نام مركز خدمات فره     ١١٢ بانك رفاه كارگران شعبه ميدان انقلاب كد شعبه          ١٣٢٤٣٦ تومان به حساب جاري      ٥٠٠٠ مبلغ   CDشده به ازاء هر       توانند براي دريافت هر يك از محصولات ارائه         لذا علاقمندان مي  

لازم به ذكر است فقط به سفارشاتي كه وجه مورد سفارش به حساب فوق ذكر واريز شده ترتيب اثر داده خواهد شد، لـذا  .  از فاكس فيش فوق به همراه نشاني دقيق نسبت به خريد اقلام و دريافت كالاي مورد نظر خود اقدام نمايند  
 . گونه حساب ديگري اكيدا خودداري فرمائيدخواهشمند است از واريز وجه به هر

 . تماس حاصل نماييد٦٩٣٦٦٩٦توانيد به نشاني مركز مراجعه و يا با تلفن  لازم به ذكر است در صورت نياز به هرگونه اطلاعات تكميلي مي
 

 
 
  راديولوژي-١

 CDعنوان  سال انتشار

 3D Conformal Radiation Therapy  A multimedia introduction to methods and techniques   (Springer) 1.1 ــــــ
 Abdominal and pelvic Ultrasound with CT and MR correlation   (R. Brooke Jeffrey, Jr., M.D.) ــــــ

 براي فهم و درك بهتـر مطالـب اسـتفاده    MRI و CT Scanه در كنار تصاوير سونوگرافيك مربوط به هر بيماري، از تصاوير همزمان باشد ك هاي سونوگرافي شكم و لگن مي  تشخيصSelf evaluation و Self teachingافزار آموزشي قوي بمنظور  اين يك نرم
 با بياني سـاده و  Case، مطالب تئوري مربوط به هر Text آراية Clickاشته شده و با به نمايش گذ) CT Scan و MRIو در صورت لزوم ( مطرح گرديده و ضمن بيان شرح حال بيمار، تصاوير سونوگرافي Case ، مباحث مختلف به صورت CDدر اين . شده است

 . گيرد در عين حال كامل، در اختيار كاربر قرار مي
 :باشد  بر حسب موضوع به قرار جدول ذيل ميCDهاي موجود در اين Caseتعداد 

 Caseتعداد  موضوع Caseتعداد  موضوع Case تعداد موضوع Caseتعداد  موضوع Caseتعداد  موضوع Caseتعداد  موضوع
 ٧٨ سيستم گوارشي ٣٥ كليه و غده آدرنال ٣٧ پانكراس ١٢ طحال ٤٠ كيسة صفرا ومجاري صفراوي ٦٧ كبد

    ٧ رتروپريتوئن ٤٦ لگن ١٠ حاملگي

2.1 

2001 ACR - Chest  (Learning file)   (American college of Radiology) 
  :باشد زير مي شامل عناوين CDاين 

1- chest Trauma   2- Cardiac Disease                  3- Vascular Disease                            4- Airway Disease 
5- Mediastinal Masses  6- Pleural Disease                  7- Chest Wall and Diaphragm                           8-Pediatric Chest 
9- Normal Disease   10- Neoplasma and Tumors  11- Pulmonary Infection           12- Immunocompromised Host  
13- Diffuse Disease 

3.1 

 دمات فرهنگي سالكانمركز خ
 هاي تخصصي پزشكانافزار نرم كننده كتاب و ارائه
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1998 ACR - Gastrointestinal (Learning file)   (American college of Radiology)  (Igor Laufer, M.D., James M. Messmer, M.D.)  4.1 
1998 ACR - Genitourinary     (Learning file)   (American college of Radiology) 

بوده و درصورت ...)  ، سونوگرافي و CT Scanهاي ساده، مطالعات با مواد حاجب،  عكس( داراي تاريخچه باليني، تصاوير راديوگرافيك  Caseهر. اند  مطرح گرديدهCaseباشد و در هرفصل، تعدادي   شامل فصول متعددي در خصوص اوروراديولوژي ميCDاين 
 .هاي افتراقي ، تشخيص نهايي و همچنين توضيحات علمي اضافه مرتبط با تشخيص با اطلاع شد توان از تشخيص هاي مربوطه مي درنهايت، با استفاده از آرايه.  مطلع گردد Finding نمودن برروي آيكون Click  با  Imagingهاي  تواند از يافته نياز، فرد مي

 :باشد هاي مطرح شده بر حسب هر فصل به قرار زير ميCase تعداد 

تعداد  وعموض
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

تعداد  موضوع
Case 

بيماريهاي 
بيماريهاي  ١١٨ كليه بالغين

بيماريهاي  ٢٦ كليه اطفال
بيماريهاي  ١٧ حالب

غدد  ١٥ ژنيكولوژيك
 ١١ آدرنال

سيستم 
ادراري 
تحتاني 
 اطفال

بيماريهاي  ١٠ رتروپريتوئن ١٨
بيماريهاي  ١٧ مثانه

 ١٠ پروستات
دستگاه 
تناسلي 

 خارجي مذكر
١٦ 

 

5.1 

1998 ACR - Head & Neck (Learning file)   (American college of Radiology) 6.1 
1998 ACR - Neuroradiology (Learning file)   (American college of Radiology) 7.1 
 ACR - Nuclear medicine  (Learning file)   (American college of Radiology) (Paul Shreve, M.D. and James Corbett, M.D.) 8.1 ــــــ
1998 ACR - Pediatric  (Learning file)   (American college of Radiology) (Beverly P. Wood, M.D., David C. Kushner, M.D.) 

CD فوق يك Teaching Fileباشد  مرتبط با راديولوژي اطفال بوده و داراي مباحث زير مي: 
 Caseتعداد  عنوان Caseتعداد  عنوان Caseتعداد  عنوان Caseتعداد  عنوان Caseتعداد  عنوان
Chest ٧١ كبد، طحال، پانكراس ١٦٣ گوارش ٧٨ قلب ٢٠٢ Genitourimary ١٠٩ 

      ٩٧ Skeletal ٩٠ نوروراديولوژي ٣١ سر و گردن

9.1 

 ACR - Skeletal (B.J Manaster, M.D., Ph.D.)  (Learning file) ــــــ
1. Tumolrs       2. Arthritis        3. Trauma        4. Metabolic Congeaital 

10.1 

1998 ACR - Ultrasound  (Learning file)   (American college of Radiology) 11.1 
 Anatomy and MRI of the JOINTS (A Multiplanar Atlas)  (William D. Middleton, Thomas L. Lawson) 

(Department of Radiology Medical College of Wisconsin Milwaukee, Wisconsin) 
 

The Tmporomandibular The Shoulder The Wrist The Finger The Vertebral Column The Hip The Knee The Ankle  

12.1 

2000 Brainiac! TM  Medical Multimedia Systems Presents (Version 1.52)  (An interactive digital atlas designed to assist in learning human neuroanatomy)  (Serial # 316.34427) 9.9 
2003 Breast Implant Imaging  (SALEKAN E-BOOK)   (MICHAEL S. MIDDLETON, PH,D., M.D, MICHAEL P.MCNAMARA JR., M.D.) 

 :باشد اين كتاب كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده است شامل عناوين زير مي
 A History and Overview of Breast Augmentation and Implant Imaging Clinical Presentation Methods of Imaging 
Basic Principles of  Breast Implant Imaging Principles of Imaging Breast Implant Rupture and Soft-Tissue Silicone Artifacts of MR and Ultrasound Imaging of Breast Implants and Soft-Tissue Silicone 
Classification of Breast Implants Practical Consideration in the Evaluaion of Implant Integrity Evaluation of Soft-Tissue Silicone from Ruptured Implants 
Evaluation of Silicone Fluid Injecitons Breast Cancer Imaging Surgical and Other Considerations  

13.1 

 Carotid Duplex Ultrasonography Extracranial and Intracranial   (Michael Jaff DO, Serge Kownator MD, Alain Voorons Audlovlsuel) ــــــ
هـاي    جهـت نمـايش تكنيـك     ) بـه زبـان انگليسـي     (رد بحث و بررسي قرار گرفته است و از تصاوير ثابت و متحرك گويـا                هاي كاروتيد، ساب كلاوين، ورتبرال، حلقة ويليس تنه براكيوسفاليك و قوس آئورت مو               ، كليات انجام سونوگرافي داپلر شريان      CDدر اين   

 :افزار بدين قرار است رئوس مطالب مورد بحث در اين نرم. ستفاده شده استالذكر، ا هاي فوق هاي فوق و همچنين چگونگي تفسير نتايج حاصل از سونوگرافي داپلر شريان هاي فوق و همچنين چگونگي تفسير نتايج حاصل از سونوگرافي داپلر شريان سونوگرافي
 هاي كاروتيد اكستراكرانيال شريان  دستگاهSettingالذكر و نحوة  كردن عروق فوق چگونگي اسكن آشنايي با دستگاه سونوگرافي داپلر

 قوس آئورت و تنة براكيو سفاليك هاي ورتبرال شريان هاي ساب كلاوين شريان
 Revaseularizationسونوگرافي داپلر پس از  ضايعات مجاور هاي اينتراكرانيال سوبرال و حلقة ويليس شريان

 .باشد  ميPost-Test و Pre-Test جهت ارزيابي فرد از خود داراي CDضمناً اين 

14.1 
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 CASE REVIEW Obstetric and Gynecologic Ultrasound   WITH  CROSS-REFERENCES TO THE REQUISITES SERIES    (Pamela T. Johnson, Alfred B. Kurtz) ــــــ
 

 . بسيار مفيد خواهد بودObstetric و Gynecologyهاي سونوگرافيك  باشد كه به همراه توضيحات و تصاوير مربوطه بوده و در فهم تشخيص مي) بصورت پرسش و پاسخ( سونوگرافي زنان و زايمان Case ١٢٧ محتوي CDاين 
15.1 

 CD Roentgen  (Michael McDermott, M.D., Thorsten Krebs, M.D.) (Williams & Wilkins) 16.1 ــــــ
2000 Cerebral and Spinal Computerized Tomography       17.1 
  Cerebral MR Perfusion Imaging  CD-ROM to complement the book  (A. Gregory Sorensen, Peter Reimer)  (Thieme) ــــــ

 .پردازد هاي مربوطه و همچنين كاربردهاي باليني آنها پرداخته و با استفاده از تصاوير ثابت و متحرت به شرح مفاهيم مرتبط با اين روش تشخيصي مي  به شرح تكنيكMRI در زمينة تصويربرداري پرفوزيون مغزي بوسيلة CDاين 
18.1 

2002 CHEST X-RAY INTERPRETATION 

CD چه كتاب و چه(ها  از بهترين برنامه حاضر يكيCD  ( در مورد چگونگي تفسيرCXRاين .   باشد  ميCD ١ بخش ٣ شامل- Library ٢- seminar ٣- Clinicدر هر بخش عكس سالم ريه همـراه بـا توضـيحات و    . باشد  مي
 .ست نشان داده شده اanimatory بعدي ٣هاي  تشخيص افتراقي وجود دارد و براي فهم مطلب فيلم

 : يا كتابخانه Library:  در بخش اول

 . و متن مربوط به آن بيماري و تفسير راديولوژي آورده شده استCXRها به ترتيب حروف الفبا آورده شده و سپس  بيماري) الف
 ابتدا يك عكس ريه نشان داده شده است  و سپس تشخيص افتراقي آن شرح داده شده است : ب
  (westermark Sing, Sign,…):  نشان داده شده مانندCXRاديولوژيك تعريف و در علائم ر : Sings, clue: ج
 . نشان داده شده است3D آناتومي قفسه سينه با مقاطع طولي و عرضي و هوريزنتال به صورت  :Anatomy World :د
 .هاي نمايش داده شده است  تعاريف علائم و نشانه:ديكشنري :ه
 .هاي راديولوژي را مشخص نمايد سپس كاربر بايد يافته. ي و شرح حال بيمار نشان داده شد عكس راديوگراف:CME Quiz: و

 : بخش٥ به :Seminarبخش دوم يا 
١-   Soft tissue تقسيم شده مديشان -٥ ريه و    -٤ پلوروديافراگم    -٣ استخوانها   -٢. 

 . و تشخيص افتراقي تقسيم شده استdescribe و Localize و  Search  بخش ٤در مورد قسمت ريه خود به . ايعه و تشخيص بيماري را مشخص سازددر هر قسمت ابتدا عكسي از ريه نشان داده شده و شخص بايد محل ض
Search:  با استفاده از موس(  عكس ريه نشان داده شده و كاربر بايد محل ضايعه را نشان دهد( 

Localize: ابتدا علامت يا نشانه بيماري در CXRشود و كاربر بايد محل آنرا نشان دهد  شرح داده مي. 
Describe: ابتدا CXR اي در   گزينه يكي را انتخاب نمايد مثلاً توده٢ نشان داده شده و كاربر بايد از بينCXRشود كاربر بايد بتواند تعيين كند خوش خيم است يا بد خيم  نشان داده مي. 

Differential diagnosis :CXRشود وسپس بيماريها،  ده مي نشان داpatternهاي بيماري به صورت تست چند جوابي آورد شده است. 
 .اين بخش را براي كمك به تقسيم قدم به قدم و يا نوشتن يك تفسير راديولوژي است :Clinicبخش سوم 

 . و نوكئارداسكن ارائه شده است برونكوسكويي و بيوپسيMRI/CT و در صورت لزوم CXRبيمار به همراه شرح حال، معاينه فيزيكي و 
ا مطالعه نمايد براي كمك به تفسير، خود برنامه با تعيين خصوصيات منطقه به كـاربر در تفسـير     ناف ريه عكس ر←  مديستان  ← ريه ←   پلوروديافراگم  ←  استخوان ← Softtissueكاربر بايد بر اساس فوريت تعيين شده ابتدا 

 .باشد مي....  و airبافت نرم جدار قفسه سينه افزايش، كاهش، نرمال و كليسفيكاسيون و ابنرمال  ...... Softtissue در مورد :براي مثال كند كمك مي

19.1 

 Comprehensive Reviw of  Radiography   (Mosby) ــــــ
 :هاي زير  ارائه گرديده است  افراد مرتبط با حرفة راديولوژي تشخيصي در زمينه(Self evaluation) بمنظور خودآزمايي CDاين 

 هاي راديوگرافيك برخورد با بيماران     روشهاي راديولوژي     حفاظت از اشعه     نگهداري و مديريت  هاي راديولوژي     كاركرد و نگهداري از دستگاه تهيه و ارزيابي گرافي
اي مورد آزمون قرار خواهند گرفت و به دنبال هر پاسخ، توضيحات علمي مربوط جهـت                  گانه فوق را جهت خودآزمايي انتخاب نمايد و به دنبال آن، سؤالات هر مبحث بصورت چندگزينه                  فوق، در شروع، شخص بايستي يكي از مباحث پنج         CDپس از نصب    

 .رتقاء علمي فرد، به وي ارائه خواهد گرديدا

20.1 
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 Computed Body Tomography with MRI Correlation  (Joseph K. T. Lee, Stuart S. Sagel, Robert J. Stanley, Jay P. Heiken)  (3rd Edition)  (LIPPINCOTT WILLIAMS & WILKINS) 21.1 ــــــ
 CT Teaching Manual    (Matthias Hofer) (Thieme)  (Salekan E-Book) 22.1 ــــــ
2000 Diagnostic Imaging Expert  (A CD-ROM  Reference & Review)  (Ralph Weissleder, Jack Witterberg, Mark J. Rieumont, Genevieve Bennett) 

هـاي ذيـل      داراي آرايـه   CDايـن   .  پردازد   مربوط به آنها مي    Imagingهاي راديولوژي و      ها و روش    هاي مختلف، به بحث در مورد بيماري        مينهشود و در ز     افزار آموزشي از مطالب مختلف راديولوژي و تصويربرداري محسوب مي             اين يك نرم  
 :باشد مي

14- Vascular 13- Head and Neck 11- Neurologic 9- Musculoskeletal 7- Genitourinary 5- Gastrointestinal 3- Cardiac 1- Chest 
12- Imaging Physics 10- Contrast agent 8- Nuclear Imaging 6- Pediatric 4- Obstetric 2- Breast  

23.1 

 DIAGNOSTIC ULTRASOUND A LOGICAL APPROACH  (JOHN P. McGAHAN, BARRY B. GOLDBERG) ــــــ
 

 : قسمت است٣اين كتاب الكترونيكي
 .كتاب دو جزء منحصر به فرد ديگر شامل دو فيلم سونوگرافي و داپلر هر بخش به صورت زنده با كيفيت بالا نشان داده شده است علاوه بر اين Diagnostic Ultrasoundكتاب  -١
٢- assessment-Selp به صورت CMPباشد اي مي هاي چندگزينه  و تست. 
 

 :باشد كه شامل  فصل مي٤١كتاب الكترونيكي حاضر شامل 
هــــاي اولتراســــونوگرافي حــــين عمــــل جراحــــي      روش-٥هــــاي زنــــان و زايمــــان    و در بيمــــاري) بيوپســــي، آسپيراســــيون و درنــــاژ  (هــــاي تهــــاجمي بــــا ســــونوگرافي در      روش-٤ و ٣ آرتفكــــت -٢   bioeffects فيزيــــك -١
 .... و Small-for-date , large-for-dataهاي جنين و حاملگي دوقلوئي و   و ضربان قلب و اندازه و بند ناف و پرده آمنيوتيك، سر و صورت و گردن و قفسه سينه شكم و لگنCervixسونوگرافي تريمستر اول حاملگي، پلاسنتا و : ٦-١٨

حفـره  ( دستگاه گوارش    -١٩خيص باليني در سونوگرافي     ها به نرمال و غيرنرمال در سونوگرافي، تشخيص يافته و رسيدن به يك تش               بندي يافته   هاي افتراقي در سونوگرافي ، تقسيم       هاي ديگر هر سيستم بدن از لحاض آناتومي نرمال، تشخيص           در بخش 
 testes اسـكروتوم و  -٢٧ Penis -٢٦ پروسـتات  -٢٥ دسـتگاه ادراري     -٢٤ رتروپرتيـوان و پـانكراس، طحـال، لمـف نـود               -٢٣ كيسه صفرا و مجـاري صـفراوي         -٢٢ كبد   -٢١)  پانكراس - كليه –كبد  ( ارزيابي سونوگرافي اعضاء پيوند زده شده        -٢٠) پريتوان

٢٨- Female Pelvis ٢٩- Post meno Pausal Pelvis ــروق محيطــي  -٣٠ ــتم ع ــد -٣١ سيس ــر  -٣٥ Chest -٣٤ Brest -٣٣  trans cranial -٣٢ كاروتي ــدد ديگ ــد و غ ــد، پاراتيروئي ــتم -٣٦ تيروئي Pediactric Head -٣٧ Softtissue و Skeletal سيس

٣٨- Ultrasoud Contrast agent ٣٩- Three dimensional ultrasound ٤٠- ultrasound-Guided Percutaneous tissue Ablation اولتراسونداندوسكوپيك-٤١  
 . استفاده شودRUSR 2335 بايستي از كد عبور CDلازم به ذكر است كه در هنگام نصب اين 

24.1 

1999 Diagnostic Ultrasound of Fetal Anomalies: Principles and Techniques  (CD I,II) 

هاي مختلف مادرزادي بصورت تيپيك به نمايش درآمده و در مورد هر يك، توضيحات  باشند، آنومالي العاده عالي مي گيري از تصاوير ثابت و متحرك سونوگرافي جنين كه داراي كيفيت فوق  با بهره١ شماره CDدر . باشد  ميCD عدد ٢افزار آموزشي داراي  اين نرم
 عدد ٢شده در اين   هاي مطرحCaseمباحث و تعداد . اند  ، توضيحات لازم داده شدهCase فراهم گرديده و در مورد هر Multiple Choice questionهاي مختلف و به طريقة Case ، امكان خودآزمايي شخص به صورت ٢ شماره CD در. كافي داده شده است

CDباشند  به شرح ذيل مي: 
 Caseتعداد  مبحث Caseتعداد  مبحث Caseتعداد  ثمبح Caseتعداد  مبحث Caseتعداد  مبحث

Head ٣٦  جنين Neural tube ١٩ Amniotic Fluid ١٦ سيستم اسكتال جنين ٤ جنسيت ٢ 
Body wall ٢٠ Umblical Cord ١٢ دستگاه ادراري جنين ٢ موارد متفرقه ٣   
    ٤ سيستم گوارشي جنين ١٢  جنينChest ٦ صورت جنين ١٤ قلب جنين

25.1 

2005 Digital Human Anatomy and Endoscopic Ultrasonography    (MANOOP S. BHUTANI, MD, JOHN C. DEUTSCH, MD)    (Salekan E-Book) 26.1 
 EBUS (Endo Bronchial Ultrasound) 27.1 ــــــ
2004 Endoscopy and Gastrointestinal Radiology   (Gregory G. Ginsberg, Michael L. Kochman) 

Upper endoscopy Colonoscopy Endoscopiy 

Contrast Radiology Clinical Application of Magnetic Resonance Imaging in the Abdomen Percutaneous Management of Biliary Obstruction 

Endoscopic Retrograte Cholagiopancreatography Computed Tomography and Ultrasound of the Abdomen and Gastrointestinal Tract Endoscopic Ultrasound  

28.1 
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 Essentials of Radiology ــــــ
 :اشدب  بر حسب موضوع به قرار زير ميCDشده در اين  هاي مطرحCaseتعداد . اند و از تصاوير راديوگرافيك تيپيك همراه با توضيحات كافي و توصيف دقيق نماهاي راديولوژيك استفاده شده است  مطرح گرديدهCase فوق، ضروريات راديولوژي تشخيصي بصورت CDدر 

 
 Caseتعداد  موضوع Caseتعداد  موضوع Caseتعداد  موضوع Caseتعداد  موضوع

 ٢٠ مراقبت بحراني ١٥ TB ٨ انسداد و پرفوراسيون ٣٠ پنوموني
 ١٦  شكمLLQكولون و ناحيه  ٧  شكمRLQناحيه  ١٢  شكمRUQناحيه  ١٢ كانسر ريه
 ١ مطالعات فلوروسكوپيك شكم ٧ روة باريك ٦ معده ٦ مري
 ١٣ سيستم ادراري تناسلي ٧ قلب ١٢ AIDS ٩ پنوموكونيوز
 ٢٨ سيستم اسكلتال ٥ ژنيكولوژي ١٧ تروما ١٨ اطفال
obstetrics هاي  بيماري ١٦Breast ١٢ نوروراديولوژي مغز ٣ نوروراديولوژي ستون فقرات ١٨ 
   ١٣ اي پزشكي هسته

29.1 

 Exam Preparation for Diagnostic Ultrasound Abdomen and OB/GYN  (RogerC. Sanders, Jann D. Dolk, Nancy Smith Miner) 30.1 ــــــ

 Image Data Bank  RADIOGRAPHIC ANATOMY & POSITIONING (APPLETON & LANGE) 31.1 ــــــ
1998 Imaging Atlas of Human Anatomy    (version 2.0)    (Mosby) 

روش يـادگيري آنـاتنومي   . آشـنا شـويد  )  و سـونوگرافي CT Scan ، MRIهاي ساده، تصاوير با كنتراسـت راديوگرافيـك،    فيلم(ه در مدت بسيار كوتاهي با آناتومي بدن در تصاوير مختلف راديولوژي افزار قادر خواهيد بود ك م با كمك اين نر
ضمناً با اسـتفاده از آرايـة   . جهت ايجاد علاقمندان بيشتر در امر يادگيري در نظر گرفته شده است...  كردن تصوير، خودآزمايي و     negativeير،  نمايي تصو    بسيار آسان بوده و امكانات مختلفي از قبيل بزرگ         CDراديولوژيك با استفاده از اين      

noteتوان به اطلاعات علمي اضافي مرتبط با تصوير مورد مطالعه دستيابي پيدا نمود  ، مي. 

32.1 

1998 Imaging of Diffuse Lung Disease (David A. Lynch, MB, John D. Newell Jr, MD, FCCP, Jin Seong Lee, MD) 

CD    هاي منتشر ريه      فصل از بيماري   ١١ حاضر شامل(DLN)برداري  كه به گفته مؤلفين شامل تلفيقي از معاينه، شرح حال ، پاتوفيزيولوژي و تفسير عكس. باشد  ميMRI,CT-Xray) هـاي منتشـر    يماريدر اطفال و بالغين در مورد ب....)  و
 .باشد ريه مي

 :بعضي فصول كتاب شامل 

DLDهاي شغلي و محيطي و بيماري ارزيابي پاتولوژي بيمارهاي ريه تصوير برداري عروق ريوي پيوند ريه  كودكانDLDتصويربرداري 
تصويربرداري آمفيزم  هوائيتصويربرداري راههاي باشد  آنها به طور مجزا ميX-Ray,CTو مقايسه DLD تشخيص افتراقي راديولوژي   هاي انفيلتراتيو ريه تصويربرداري بيماري

 
 .دهد هاي داخلي، ريه ، قلب و راديولوژي مي  بوده و به گفته مؤلفين نگاهي جديد به متخصصين  و رزيدنتAcrobat Readerاين كتاب در برنامه 

33.1 

___ Imaging of Spinal Trauma in Children  (Lawrence R. Kuhns, M.D.)   (University of Michigan Medical Center) 
 :شامل CDعناوين اين 

Principles AND TECHNIQUES ATLAS OF SPINAL INJURIES IN CHILDREN 
Epidemiology Normal Spine Variants and Anatomy Special Views and Techniques Cervcal Spine Lumbar Spine 
Measurements Mechanisms and Patterns of Injury Experimental and Necropsy Data Thoracic Spine Sacrococcygeal Spine 

Occipitocervical Injuries Thoracic Spine Injuries Sacral Injuries Lumbar   

34.1 

 MAGNETIC RESONANCE IMAGING  (Third Edition)  (Dauld Stark, William Bradley) ــــــ
 . موجود ميباشدCD در اين David Starkسه جلد كتاب  

1. Generation and Manipulation of Magnetic Resonance Images        2. Magnetic Resonance:  Bioeffects and Safety 
3. Three-Dimensional Magnetic Resonance Rendering Technique       4. Principles of Echo Planar Imaging: Implications for Musculoskeletal System 

5. MR Imaging of Articular Cartilage and of Cartilage Degneration       6. The Hip 7. The Knee 8. The Ankle and Foot   
9. The Shoulder 10. The Elbow 11. The Wrist and hand        12. The Temporomandibular Joint 13. Kinematic Magnetic Resonance Imaging 14. The Spine 

15. Marrow Imaging   16. Bone and Soft-Tissue Tumors 17. Magnetic Resonance Imaging of Muscle Injuries 

35.1 
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 Magnetic Resonance Imaging in Orthopedics and Sport Medicine (David W. Stoller) ــــــ
 

 :باشد و شامل مباحث زير است  در ارتوپدي و طب ورزش ميMRIافزار در ارتباط با كاربرد   اين نرم

 
  تومورهاي استخوان و بافت نرم-١٦ بعدي  سه MRI تكنيك بازسازي جهت -١١ MRI اثرات بيولوژيك و ايمني در -٦ MRI تهية تصاوير -١

   آسيبهاي عضلانيMRI -١٧ (Hip) مفصل ران -١٢  عضروف مفصلي و دژنراسيون عضروفيMRI -٧  جهت سيستم موسكولواسكلتالEcho-Planar اصول تصويرسازي -٢
   شانه-١٣  مچ پا و پا-٨  زانو-٣
  (TMJ)يبولار  مفصل كمپوروماند-١٤  مچ دست و دست-٩  آرنج-٤

٥- Kinematic MRI تصويربرداري -١٥  ستون فقرات-١٠ MRIاز مغز استخوان    

36.1 

2000 Mammography   Diagnosis and Intervention    (Ralphl. Smathers, M.D.) 
 : مطالبي در رابطه با ماموگرافي با عناوين ذيل مطرح شده استCDدر اين 

 Aggressive و تومورهاي بدخيم و  هايي با حدود نامشخص  توده-خيم             هايي با حدود مشخص و خوش  تغييرات فيبروكيستيك و توده-ها                                      تغييرات زمان و آرتفكت-             آناتومي نرمال پستان-
 هاي پيشرفته و متاستاز و همچنين در مورد راديوتراپي  بررسي بيماري-)                گرافي و يا سونوNeedleبه صورت لوكاليزه با (هاي انجام ماموگرافي   روش-

37.1 

2001 MR Angiography Thoracic  Vessels   (O. Ratib & D. Didier) 
Methods & Techniques Aortic Aneurysms Aortic Arch Anomalies Aortic Arch Anomalies Aortic Coarcation 
Aortitis Pulmonary astesies diseases Aequised venous diseases Congenital venous anomalies Miscellaneous  

38.1 

2001 MR Imagin Expert  (Geir Torhim, Peter A. Rinck)    4th Edition 
This version is a special adaptation for "Magnetic Resonance in Medicine The Basic Textbook of the European Magnetic Redonance Forum"   

39.1 

 MRI of the BRAIN & SPINE  (SCOT W. ATLAS)  (LIPPINCOTT-ROVEN) ــــــ
 پرداخته  Imagingهاي   فصل به بحث و بررسي يافته٣٢طي  و همچنين تكنيكهاي مربوطه، در مورد هر مبحث باليني نيز در MRIآيد زيرا در آن، علاوه بر توضيحات لازم و در عين حال مختصر در مورد فيزيك و اصول  حساب مي افزار آموزشي چندمنظوره به   يك نرمCDاين 

 و با استفاده از سه  Sectionalصورت آناتومي به در قسمت آناتومي نيز، نورو. ضمناً براي فهم بهتر مطالب، در ارتباط با هر موضوع باليني و يا تصويربرداري از جداول مفيد استفاده شده است.   با كيفيت بالا برحسب مورد به نمايش درآمده استMRI تصوير ٤٠٠٠شده و بيش از 
 . آموزش داده شده است)  MRIتصاوير + تصاوير طبيعي+ تصاوير شماتيك (روش 

 :باشد ميهاي مطرح شده به قرار زير Case هاي متعدد است كه برحسب موضوع ، تعداد  Case افزار، خودآزمايي مطالب مطالعه شده بوسيله  نكتة بسيار جالب در اين نرم

  هاي مطرح شدهCaseتعداد  موضوع  هاي مطرح شدهCaseتعداد  موضوع
 ٥ خونريزي اينتراكرينال ٧ اختلالات تكاملي مغز
 ٦ تومورهاي اكستراآگزيال مغز ٦ تومورهاي اينتراآگزيال مغز

 ٦ ايسكمي و آنفاركتوس مغزي ٦ هاي اينتراكراينال مالفورماسيونهاي عروقي و آنوريسم
 ٦ بيماريهاي مادة سفيد ٥ اي سرتروم

 ٦ تظاهرات سيستم اعصاب مركزي در ارتباط با فاكوماتورها ٥ هاي اينتراكراينال عفونت
Aging٥ سلاتورسيكا و ناحيه پاراسلار ٤  مغز و بيماريهاي نورودژنرايتو 

 ٣ هاي استخوان كمپورال آناتومي و بيماري ٥ قاعدة جمجمه
 ٥ بيماريهاي اژنرايتو ستون فقرات ٦ اوربيت و سيستم بينايي
 ٤ بيماريهاي عفوني و التهابي ستون فقرات ٣ تروماي ستون فقرات
 ٥ بيماريهاي نئوپلاستيك ستون فقرات و نخاع ٣ آناماليهاي مادرزادي ستون فقرات و نخاع
   ٢ اختلالات عروق نخاعي

40.1 

 MRI der Extremitaten  41.1 ــــــ
2000 Normal Findings in CT and MRI  (Torsten B Moeller, Emil Reif)   (Thieme) 42.1 
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 Obstetric Ultrasound Principles and Techniques ــــــ
 :باشد شود كه عناوين آن به شرح زير مي هاي لازمه در سونوگرافي مامائي ارائه مي اي در رابطه با مهارت  مطالب جامع و ارزندهCDدر اين 

  Body و CNSهاي   بررسي آناتومي جنين و آنومالي- و جداول آنها                  HC و AC و BPD . FL بر اساس معيارهاي  تعيين سن حاملگي-
 مستر اولها و امبريو و كيسه زرده در تري  آناتومي رحم و آدنكس-گيري آنها                 و نحوة اندازهCRL و Gs  تعيين سن بارداري در تريمستر اول بر اساس -
 گيري آنها  و نحوه اندازهAC و FL  تعيين سن بارداري در تريمستر دوم و سوم بر اساس -گيري آن                تعيين سن بارداري در تريمستر دوم و سوم بر اساس دور سر و نحوه اندازه-
   تعيين محل جفت و حجم مايع آمنيوتيك  -.....)             ... كليه -معده(  مطالب جالبي در رابطه با آناتومي جنين در تريمستر دوم و سوم -
        (Cord Insertion) انفاركتوس و وارياسيون محل خروج بند ناف -گزيني جفت و بررسي ركولمان و پلانتاپرويا                                           تعيين محل لانه-
 كردن سؤالات در رابطه با آنها و پاسخ مربوطه  و مطرحCase Study بررسي لكينيكال و سونوگرافي -)                                                   ال پروفايلبيوفيزيك (BPP توضيحاتي در رابطه با -

20.3 

 PEDIATRIC GASTROINTESTINAL IMAGING AND INTERVENTION   (Second Edition)  (DAVID A. STRINGER, PAUL S. BABYN, MDCM) 43.1 ــــــ
 Peripheral Musculoskeletal Ultrasound Interactive Atlas  A CD-ROM (J. E. Cabay, B. Daenen)  (R. F. Dondelinger) ــــــ

سازد و ضـمناً امكـان    هاي اين سيستم آشنا مي هاي لازم جهت سونوگرافي نسوج نرم سطحي و تصاوير نرمال و پاتولوژي يك محسوب نمود چرا كه با كمك تصاوير ثابت و متحرك متعدد و تيپيك، شما را به خوبي با تكنMusculoSkeletalآموزش سونوگرافي   
  :مند شويد توانيد بهره  مختلف مي شما براي بررسي تصاوير سونوگرافيك نرمال و يا پاتولوژيك در سيستم موسكولو اسكلتال از دو شيوةCDدر منوي اين . افزار فراهم است  در اين نرم(Quiz)خودآزمايي 

 :توانيد انتخاب نمائيد هاي زير را ميitem كه در اين صورت شما يكي از General: با استفاده از منوي -الف
 ت پوس-١٠  عصب-٩  عروق-٨  غضروف فيبرو-٧  غضروف هيالين-٦  كپسول مفصلي و بورس-٥  استخوان و پريوست-٤  ليگامان-٣  تاندون-٢  عضله-١

 :هاي زير را انتخاب نمائيدitemتوانيد يكي از   كه در اين صورت شما ميRegion: با استفاده از منوي -ب
8- Wrist 7- Shoulder 6- Knee 5- Hip 4- Hand 3- Foot 2- Elbow 1- Ankle  

44.1 

 Principles of MRI 45.1 ــــــ
2002 Quality Management in the Imaging sciences   (Jeery Papp) (Mosby) 46.1 
 RADIOLOGIC ANATOMY     Interactive Tutorial on Normal Radiology     (UNIVERSITY OF FLORIDA COLLEGE OF MEDICINE DEPARTMENT OF RADIOLOGY) ــــــ

 
اطلاعات آناتوميك راديولوژي بدست آوريم بر روي انـدام تحتـاني شـكل مـذكور     ) Lower Extremityخواهيم در مورد  مثلاً اگر مي( شود Click) در كادر سمت راست( ، ابتدا بايد بر روي قسمت مورد نظر بر روي شكل انسان CDبراي استفاده از اين 

Click ضمناً در قسمت پايين كادرهـاي فـوق، سـه عـدد            . هاي كلي، وارد جزئيات بيشتر آن شويم        از اين قسمت  توانيم با انتخاب هر كدام        شود و ما مي     هاي كلي مربوط به ناحيه آناتوميك مورد مطالعه ظاهر مي           ، سپس در كادر سمت چپ ليست قسمت       )كنيم   مي
Icon           ضـمناً امكـان   . ك عضـو مـورد مطالعـه آگـاهي كامـل يافـت      توان بترتيب از تكنيك تصويربرداري مربوط به قسمت مورد نظر، آناتومي طبيعي قسمت مذكور و همچنين مسائل كلينيكي و پاتولوژي                      كاربردي در قسمت وسط وجود دارد كه با كمك آنها مي

هـاي   دن تكنيـك دا بـراي نشـان  ...)  و CTScan ، MRI ، مطالعات با مواد حاجب راديوگرافيـك،  Plain Filmاز قبيل  (Imagingهاي   ، استفاده از كلية روشCDنكتة قابل توجه در اين .  بر اساس مباحث مورد نظر وجود دارد(Self evaluation)خودآزمايي 
 . هر عضو استفاده شده استImagingمختلف مربوط به 

 را انخـاب كنيـد   Openكليـك كنيـد و گزينـة      دستگاه خود راسـت CD-ROM رفته و روي درايو my computer را ببنديد سپس به Autoplay menu دستگاهتان صفحة CD-ROM در CDبعد از قراردادن :  hCDطريقة نصب  
 CDبعد از نصب پيغـامي مبنـي بـر نصـب كامـل      .  انتخاب كنيدOKفرض را با كليك بر روي  شود مسير نصب را وارد كرده و يا پيش  ظاهر ميradiologic Anatomy installationاي با نام   دابل كليك كنيد صفحه ،*Setupسپس روي 

 . عنوان مربوطه را انتخاب كنيدradilogic Anatomy رفته و در Program به Start كنيد، سپس از منوي OKآيد كه آن را  مي
* icon هاي ديگري با عناوين)Setup. ، ssetup ، setup.cfg ، ssetup.apm ( وجود دارد كه مربوط به اين برنامه نيست لطفاً فقطsetup.exeرا انتخاب كنيد . 

47.1 

 Radiology Image Bank:  Orthopedic Radiology     (International Medical Multimedia)   48.1 ــــــ
 Radiology on CD-ROM  Diagnosis, Imaging, Intervention  (Juan M. Taveras, MD, Joseph T. Ferrucci, MD) ــــــ

 :باشد  ميلادي بوده و شامل مباحث عمدة زير مي2001شده تا سال   تغييرات دادههمراه با آخرين) باشد ترين مراجع راديولوژي در جهان مي كه يكي از معتبرترين و كامل  (Tavers ، مجموعه كاملي از كتاب راديولوژي CDاين 
 

 Gastrointestinal راديولوژي -٤ Vascular راديولوژي -٣  سياست بهداشتي و مديريت در راديولوژي-٢ Pulmonary راديولوژي -١
 Cardiacراديولوژي  -٨ Breast Imaging -٧  فيزيك راديولوژي-٦ Genitourinary راديولوژي -٥

   Skeletal راديولوژي -١١ Adbomen راديولوژي -١٠  نوروراديولوژي و راديولوژي سر و گردن-٩

49.1 

2002 REVIEW FOR THE  Radiography Examination (A & LERT) (McGrow-Hill's) 50.1 
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 Teaching Atlas of Mammography  (Laszlo Tabar, Peter B. Dean)   (Thieme) 51.1 ــــــ
 The Basics of MRI of NMR   (Joseph P. Hornak, Ph.D.) 52.1 ــــــ
 The Encyclopaedia of Medical Imaging from NICER 53.1 ــــــ
2001 THE MRI TEACHING FILE (Robert B. Lufkin, William G. Bradley, Jr., Michael Brant-Zawadzki) 

 
CD    فوق داراي Case      به مباحث مختلف در زمينة      هاي متعدد مربوطMRI باشد و هر       ميCase       تعـداد  . هاي افتراقي و تشخيص نهايي بوده و در مورد هر تشخيص نكات مهم شرح داده شده اسـت       هاي راديوگرافيك داراي تشخيص      با توجه به شرح حال و يافته

Caseشده بر حسب هر موضوع در اين  هاي مطرحCDباشد  بصورت جدول ذيل مي: 
 Caseتعداد  موضوع Caseتعداد  موضوع Caseتعداد  موضوع Caseتعداد  موضوع

 ١٠٠ سر و گردن ١٠  مغزMRA ١٠٢ هاي مغزي نئوپلاسم ٢٠١ هاي غيرنئوپلاستيك مغز بيماري
 ١٠٤ عروقي سيستم قلبي ١٠٢ تنه ١٠٠ سيستم عضلاني اسكلتي ١٠٠ ستون فقرات

      ١٠٠ ها اصول و آرتيفكت ١٠٠ اطفال

54.1 

 THE RADIOLOGIC CLINICS OF NORTH AMERICA  High-Resolution  CT of the Lung II   (DAVID A. LYNCH, MD)    (NUMBER 1  VOLUME 40) ــــــ
 : ريه استHRCTصوص باشد و داراي مباحث عمدة ذيل درخ  ميThe Radiologic clinics of North America  برگردان شماره اول جلد چهلم از مجموعة كتابهاي CDاين 

 
- CT Scan  مربوط به بيماريهاي Air Wayو برونشكتازي  - HRCT مربوط به بيماريهاي Peripheral Airways - CT Scan نقش -  مربوط به آمفيزم HRCTدر ارزيابي بيماريهاي ريوي اطفال  
  مربوط به بيماريهاي ترومبوآمبوليك ريوي Non-TB - CT Scan  و TB مربوط به عفونتهاي مايكوباكتريايي  Drug-Induced - CT Scanريهاي ريوي  مربوط به بيماHRCT -  در ارزيابي بيماريهاي شغلي و محيطي ريهHRCT نقش -
- CT كميتي (quantitative)ندول منفرد ريوي-  ريه     

55.1 

1999 THE RADIOLOGIC CLINICS OF NORTH AMERICA  Imaging of Musculoskeletal and Spinal Infections  

• PRINCIPLES AND TECHNIQUES 
1. Epidemiology                      3. Normal Spine Variants and Anatomy 5. Measurements                                 7. Sacral Injuries                9- Mechanisms and Patterns of Injury  
2. Thoracic Spine Injuries      4. Experimental and Necropsy Data  6. Special Views and Techniwques               8. Occipitocervical Injuries 
• ATLAS OF SPINE INJURIES IN CHILDREN 
1. Cervcal Spine       2. Thoracic Spine         3. Lumbar Spine 4. Sacrococcygeal Spine 

56.1 

2001 THE RADIOLOGIC CLINICS OF NORTH AMERICA  Pediatric Musuloskeletal Pediatric Radiology   (SALEKAN E-BOOK) (James S. Meyer, MD)                                                    
 :باشد خدمات فرهنگي سالكان تبديل به كتتاب الكترونيكي گرديده است شامل اين مباحث مي كه در مركز CDاين 

 Ultrasound in Padiatric Musculoskeletal Disease:  Teachinques and Applications     Nuclear Medicnine Topics in Pediatric Musculoskeletal Disease:  Teachinques and Applications 
 Imaging of Musculoskeletal Infections    Malignant and Benign Bone Tumors        Magnetic Rsonance Imaging of Musculoskeletal Soft Tissue Mass   Imaging of Pediatric Hip Disorder  
 Imaging of Pediatric Foot Disorder in Children   Imaging  of Sports Injuries in Children and Adolescents   A Pragmatic Approach to the Radiologic Diagnosis of Pediatric Syndromes and Skeletal Dysplasias 
 The Orthopedists Perspective: Bone Tumors, Scoliosis, and Trauma   Imaging of Crowth Distubance in Children    Imaging of Child Abuse 

57.1 

 THE RADIOLOGIC CLINICS OF NORTH AMERICA  Update on Nuclear Medicine 58.1 ــــــ
 THE RADIOLOGIC CLINICS OF NORTH AMERICA  Update on Ultrasonography   (FAYE C. LAING, MD)   (W.B. SAUNDERS COMPABY) ــــــ

 :باشد و داراي مباحث عمدة ذيل در خصوص سونوگرافي است مي The Radiologic Clinics Of North Americaهاي   از مجموعه كتاب٣٩شماره سوم جلد برگردان  CDاين 
  تحت راهنمايي سونوگرافي(intervention)اي   اقدامات مداخله-٣  مواد حاجب اولتراسوند-٢  تكنولوژي روز-١
  سونوگرافي موسكولواسكلتال-٦  وضعيت فعلي تشخيصي و درماني سونوگرافي اندوسكوپيك-٥ احي سونوگرافي در حين عمل جر-٤
 Gynecologic سونوگرافي -٩ Gynecology و Obstetricبعدي در   سونوگرافي سه-٨ Breast سونوگرافي -٧
هاي داخل مغزي به دنبال خونريزي  ارزيابي سونوگرافيك اتساع بطن-١٠    سونوگرافي كاروتيد-١٢ هاي محيطي ريان سونوگرافي ش-١١

59.1 

 Ultrasound Atlas of Vascular Diseases  (Carol A. Krebs, RT, RDMS, Vishan L. Giyanani, , Ronald L. Eisenberg) (APPLETON & LANGE Stamford, Connecticut)   (SALEKAN E-Book) 60.1 ــــــ
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 Ultrasound Teaching Manual  The basics of Performing and Interpreting Ultrasound Scans  (Matthias Hofer)  (With the collaboration of Tatjana Reihs)  (Thieme) 61.1 ــــــ
 Uterosalpingography in Gynecology Hysterospingography  (Salekan E-Book) 62.1 ــــــ
 ,VOXEL-MAN 3D-Navigator Brain and Skull  (Regional, Functional, and Radiological Anatomy) (IMDM   university Hospital Eppendorf ــــــ

Humburg)      (Springer) 
فصـول مختلـف    .  دروس آناتومي و راديولوژي طراحي شده اسـت        هاي راديولوژيكي، طراحي شيوة عمل جراحي و آموزش          جهت تشخيص  CDهاي داخلي تنه در سه عدد          از اندام  Interactiveبعدي    افزار در قالب يك اطلس سه       اين نرم 

 : به شرح ذيل استCDاين 
عمودي ارائه شده    و آناتومي شكم با قابليت چرخش افقي و          horizontal و چرخش    Ventricolبعدي قفسه سينه با قابليت چرخش         در اين قسمت آناتومي سه    :  هاي داخل تنه    بعدي اندام   تشريح سه :  ١-١     :آناتومي)  بخش اول 

 قلبي عروقي، سيستم عصبي ، كبـد   اسكلت استخواني، سيستم( بخش ارائه شده است          ٩ها كه در      تشريح دستگاه  : ٢-١.        آنها وجود دارد   o١٨٠هاي تصاوير و چرخش       نمودن هر يك از بخش      در اين بخش قابليت حذف و اضافه      . است
 .باشد  ميSagittal و Coronal قسمت آناتومي مقاطع عرضي سطوح ٢شامل : آناتومي مقاطع عرضي :  ٣-١)        وپي با قابليت حركت در فضاي مري و معدهسازي گاستروسك هاي جانبي، شبيه و اندام

   توموگرافي-:        راديولوژي)  بخش دوم
 )    طع و مشاهده تصوير هر قسمتدادن سطح مق با قابليت حركت( مقاطع عرضي آناتوميكي -٢-١       CT مقاطع عرضي -١-١
 سازي قسمت اولتراسونيك كبد  شبيه-٤-١               بعدي و مقاطع عرضي آناتوميكي   با تصاوير سهCT مقايسه بين تصاوير -٣-١

 ها  از كلية اندامX-ray  تصاوير -٤-٢    هاي منفرد   از اندامX-ray  تصاوير -٣-٢ از شكم           X-ray  تصاوير -٢-٢ از قفسة سينه         X-ray تصاوير -١-٢               X-ray  تصاوير -
  تصاويرZoomقدرت افزايش  دارنمودن هر بخش از تصاوير و مقاطع تشريحي مارك

بصــورت هــاي مختلــف تصــائير    نامگــذاري بخــش 
Intractive 

ارائه فهرست كامل مندرجات تصاوير بـه سـه زبـان انگليسـي، آلمـاني و               
 لاتين

شده كاملاً واقعي كه      ارائه تصاوير بازسازي  
 .كاربرد آموزشي جذابي را به همراه دارد

63.1 

 VOXEL-MAN 3D-Navigator Inner Organs  (Regional, Systemic and Radiological Anatomy) (IMDM   university Hospital Eppendorf, Hamburg)        64.1 ــــــ
 Whole Body Computed Tomography   (Second Edition) (Otto H. Wegener)  (Blackwell Science) ــــــ

فهرسـت كلـي   .   پرداخته شده اسـت  CT Scan ي جزء به جزء مسائل پاتولوژيك نواحي مختلف بدن با استفاده از تصاوير گوياي  همراه با بررسCT Scan فصل به شرح آناتومي، تكنيك و فيزيك مربوط به ٢٨ در طي CDدر اين 
 :باشد فصول  به قرار زير مي

CT Scan تكنيكهاي  مواد حاجب CT Scanتحليل تصوير در  CT Scan آناتومي در  تومورهاي استخواني ارگانهاي تناسلي زن كليه
مدياستن استراتژي ارزيابي بيمارروش و قلب ها ريه ستون فقرات حفرة رتروپريتوئن غدد فوق كليوي

)پلور(جنب  كبد ديوارة قفسه سينه سيستم صفراوي لگن استخواني عضلات مثانه
حفرة پريتوئن دستگاه گوارش پانكراس طحال تومورهاي نسج نرم CTترمينولوژي   ها پروستات و سمينال وزيكول

65.1 

 
  گوش، حلق و بيني-٢

 CDعنوان  سال انتشار
 Advanced Rhinoplasty Techniques  Cosmetic Rhinoplasty  (Rollin K. Daniel, M.D.) ــــــ

Analysis,  Marking & Anesthesia,  Closed/Open Approach,  Septum Exposure,  Exposure & Dorsal Reduction,  Caudal Septum Resection,  Ideal Profile Line,  Open Approach,  Tip Analysis,  Septoplasty & 
Septal Harvest,  Grafts,  Spreaser Grafts,  Grural Strut,  Tip Suture Technique,  Closure,  Nostril Sill Alar Wedge,  Composite Graft,  Lateral Osteotomy,  Final Steps,  Acknowledgments 

1.2 

2004 Advanced Therapy of OTITIS MEDIA 2.2 
 Atlas D'ORL  Realise avec la collaboration des  (Dr Michel Boucherat, Dr Jean-Robert Blondeau) ــــــ

-Anatomie de l’oreille normale     - Images pathologiques       - Cas cliniques       -Anatomie naso-sinusienne normale 
-Images pathologiques                  - Cas cliniques                     - Rappels des principes de la TDM et de l’IRM  

3.2 
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 Atlas of Rhinoplasty Open and Endonasal Approaches   (Gilbert Aiach, M.D) 4.2 ــــــ

 Atlas of Head & Neck Surgery Otolaryngology   (TEXTBOOK)  (Byron J. Bailey, Karen H. Calhoun, Amy R. Coffey, J. Gail Neely) ــــــ
1- Atlas :  فصل در چهار بخش اصلي است٢٥اين قسمت داراي .  روش جراحي انتخابي ارائه شده است٢٥در اين قسمت : 

:  Head & Neck Surgery- 
 :  عنوان اصلي شامل موارد زير است٦. ارائه شده است.... هاي بيهوشي و  از عمل جراحي، وسايل و روش عنوان اصلي است كه در هر قسمت اطلاعات اساسي راجع به انديكاسيون تمهيدات قبل ٦شامل 

  • Salivary Gland   • Nose & maxilla      • Oral Clarity • Ear         • Neck & Larynx    • Thyroid & Parathyroid  
- Otologic procedures : 
  • Middle Ear and Ossicular Chain       • Tran temporal Skull Base  • Congenital Aural Base  

: Plastic & Reconstructive Surgery - 
  • Larygoplasty, Rhytidectomy, Rhinoplasty           •  Mandibular Surgery, Local & Regional Flaps,      • Excision of skin Lesions  
- Pediatric and General Otolaryngology : 
   • Frontal Sinus      •  Nasal Polypectomy •  Ton Sillectomy 
2- Bilbo Med Medline : .توانيد مباحث مورد نظرتان را جستجو و مطالعه نمائيد    در اين قسمت بر اساس موضوع، كلمات و واژهاي تخصصي، نام نويسنده، شمارة مجله مي  
3- Head & Neck Surgery:  

- Textbook                        - Drug  Reference 
- Textbook : 

 .باشد  فصل مي١٨٠  همراه با تصاوير رنگي متعدد گويا و  نمودارهاي آموزشي است كه شامل Baileyتة دكتر اين بخش بصورت يك كتاب الكترونيكي نوش
                                                                                                Basic Science / General Medicine -1: بخش اصلي اين كتاب به اين شرح است٤

2- Head & Neck : شامل مباحث گوناگون و تخصصي راجع به آناتومي و فيزيولوژي گوش، سر، گردن    ( ) 

3- Otology  
4- Facial Plastic Reconstructive Surgery  
- Drug Reference :                                                 انديكاسيون، ردة دارويي، اسامي شيميايي و تجارتي، مقدار مصرف اثرات جانبي، فارماكوكسيك دارو و( آورده شده است و اطلاعات كامل داروهاي اصلي و ژنوتيك به شكل الفبايي(.....  

5.2 

   Causes of FAILURE in STAPES SURGERY  (VCD I)    (Howard P. House, TED N. Steffen) ــــــ
PITFALLS in STAPES SURGERY  (VCD II) 
STAPEDECTOMY  (Prefabricated Wire-Loop and Gelfoam Technique)  (VCD III) 

6.2 

 Chirurgia Endoscopica Dei Seni Paranasali    (A Cura di E. Pasquini G. Farneti) ــــــ
1. Principi di anatomia endoscopica             2. Tecnica chirurgica            3. Aspetti radiologici 

7.2 

 Color Atlas of Diagnostic Endoscopy in Otorhinolaryngolgy   (EIJI YANAGISAWA, MD) 8.2 ــــــ
2002 Color Atlas of Ear Disease   (Salekan E-book)   (Richard A. Chole, MD, PhL, James W. Forsen) 9.2 
 Cobblation Assisted Tonsillectomy (CAT) __  Cobblation Assisted Procedures  (VCD)    (CD I , II) ــــــ

 :باشد شامل موارد آموزشي زير مي VCDاين . شود به شما نشان داده مي Coblationها با كمك دستگاه   نحوة انجام اعمال جراحي روي تونسيل١ شمارة  CDدر  
1- Subtotal Cololation Assisted tonsillectomy                        2-  Lop – off "CAT" technique              3-  Coblation Assisted tonsilectomg 

باشـد و مزايـاي فراوانـي بـر دسـتگاههاي ليـزر و                ع مـي  نحوة عملكرد دستگاه بر اساس امواج راديوفركوئنسي با واسطه پلاسـما مـاي            . شويد  ايجاد كرده است آشنا مي     ENTكه تحولي عظيم در حيطه اعمال جراحي         Coblation شما با دستگاه     ٢شمارة   CDدر  
 اعمال، هموسـتاز  كوتاه، تحمل بالاي بيماران، وجود درد بسيار مختصر يا حتي عدم وجود درد پس از اعمال جراحي، ظرافت و تميزي recoveryهوشي عمومي و امكان انجام اعمال جراحي به صورت سرپايي، دوران             عدم نياز به بي   . راديوفركوئنسي قديمي دارد  

 :شود  در موارد زير استفاده ميENTاز اين دستگاه در حيطة . باشد العاده جراح برخي از مزاياي استفاده از اين دستگاه مي عالي، حصول سريع نتايج، سرعت بالاي انجام عمل و راحتي فوق
1-  Coblation channeling of the inferior turbinate 

 .درد خواهد بود اين عمل تقريباً بي: نتيجه عمل به صورت ريداكشن سريع توربينه بلافاصله قابل مشاهده است. شود توربينه درمان مي Channelingحسي لوكال، انسداد بيني ناشي از هيپرتروفي توربينه تحتاني به كمك  تگاه و تحت بيبا استفاده از اين دس
2-  Coblation channeling of the Soft palate 

 .شود نتيجة عمل نيز به سرعت حادث مي. حسي لوكان و تقريباً فاقد درد است اين عمل سرپايي و تحت بي. شود  كام نرم از حجم آن كاسته شده و باعث رفع خرخر در بيماران ميChannelingاين عمل، با در 
3-  Coblation channeling of the tonsil 

10.2
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 .نتيجه به سرعت حادث شده و عمل تقريباً فاقد درد است. هوشي عمومي باشد تواند سرپايي يا تحت بي بسته به شرايط اين عمل مي. شود تونسيل كاسته مي bulkه و از با اين روش، هيپرتروني تونسيلر برطرف شد
4-  Coblation Assisted Tonsillectomy(CAT) 

 .باشد و دوران بهبودي سريع مي. درد پس از عمل معمولاً بسيار مختصر است. شود  تونسيلكتومي استفاده ميهاي بزرگ يا تونسيليت فرض از اين روش جهت انجام در صورت وجود تونسيل
2002 DALLAS RHINOPLASTY    Nasal Surgery by the Masters  (Reducing Tip Projection and Nostrill Show Via the Open Approach) (CD I , II) 

 
VCD: 1 

1) Cadaveric Rhinoplasty Dissection Technique 
2) Role of Component Dorsal Reduction: Spreader Grafts in the Deviated Nose 

VCD: 2 

Reducing Tip Projection and Nostril Show Via the Open Approach 

  :شود جراحي رينوپلاستي بر روي كارآور از ابتدا و در غالب عناوين زير به ترتيب آموزشي داده ميهاي   كه در سپوزيوم رينوپلاستي دالاس تهيه شده است، به شما تكنيك١ شمارة VCDدر 
1) Exposure/Nasal incisions 

A. Closed endonasal approach 
- Intracartilaginous (IC)  
incision 

B. Cartilage delivery technique 
- Infracartilaginous incision 
- Intercartilaginous incision 

C. Open Rhinoplasty approach 
- Transcolumellar incision 

2) Tip Alteration 
A. Columellar Stat placement 

- Intercarural suture stabilization 
B. Controlling dome angalation 

and tip defining points 
- Interdomal sutures 
- Transdomal Satares 

C. Correction of alar 
pinching/notching 

- lateral crural strut grafts 
- Alar contour grafts 

D. Tip grafts 
- Infratip graft 
- Onlay tip graft 

3) Sptal reconstraction 
A. Septal reconstraction 

- Inferior tarbinate resection 
(Submacosal) 
- Septal reconstruction 

B. Modification of the dorsum 
- Component dorsum 
reduction 
- Spreader graft placement 

4) Osteotmies 
A. Medial Osteotomy 
B. Lateral Osteotomy 
C. External Osteotomy 

 
 

5) Adjuctive techniques/Closure 
A. Alare base resection 

- Correction of alalr flaring 
- Diminishing nostril shape 

B. Closare 
C. Splints 

 بـه  Gunter از مصاحبه با بيمار آغاز شـده و سـپس دكتـر    VCDآموزش در اين . گيرد  قرار ميOpen تحت عمل جراحي رينوپلاستي با اپروچ Gunter زياد توسط آقاي دكتر nostril show , Projected tip خانم جواني با شكل ٢ شمارة VCDدر 
 .شود  ظرافت عالي در غالب مراحل زير انجام ميسپس عمل جراحي با. پردازد آناليز نازوناشيال وي مي

 
4) Transaction of lat Crura 3) Underminig tip Skin 2) Infracartilaginous and trans columellar incisions 1)Complete transfixion incision 
8) Reduction  of dorsal septum (DS) and upper lateral cartilage (ULC) 7) reduction of bony darsum (BD) 6) Preparing submucosal tunnels 5) Resection of feet of medial crura 
12) Cephalic resection of lateral Crura (LC) 11) Spreader grafts  10) Medial asteomius 9) Harvesting Septal cartilages for grafting 
16) Final adjustment of dorsal height 15) Lateral asteotomy Cinternal 14) Aligning the dorsum 13) Preparation for lateral crural grafts (LCSG) 
 19) Closure 18) Placement of lateral crural strut grafts 17) Columellar strt placemend  

 !!كنيم توجه شما را به استفاده از وسيله ريداكشن دور سوم استخواني نيز جلب مي VCD در اين .   كنيد در نهايت شما نتايج بعد از عمل بيمار در فواصل مختلف مشاهده مي

11.2 

 EENT  Welch Allyn Institute of Interactive Learning 12.2 ــــــ
 Endoscopic Assisted Procedures used in Astatic Facial Plastic Surgery   (VCD)  (CD I , II) ــــــ

 
آموزشي به صـورت قـدم   . شود وزش داده ميشود آم سپس به شما تكنيك جراحي اندوسكوپيك مالاروفرونتال كه توسط دكتر هنري دلمار ارائه مي         . شويد   اول شما در ابتدا، شركت كارل اشتورتز پيشرو در ارائه تجهيزات اندوسكوپي و محصولات آن آشنا مي                 VCDدر اين   

 .گذارد  را به نمايش مي Endoscopic forehead rhytidectomy and brow elevation  تكنيك جراحيGrlecory S. Kellerدر مرحلة بعد دكتر . يابد  ادامه مي(closure)ها شروع شده و تا پايان عمل  گذاري روي پرت و تزريق و برش به قدم از نشانه
 Endoscopic forehead Lift              Endoscopic midface Lift                           Extended Composite face Lift:            شما با اين مواردEndoscopic assisted forehead and face lifting دوم تحت عنوان VCDدر 

بعدي تغييرات، ابزارآلات لازم در عمل  در پايان نحوة ثبت سه. شود هم به شما نشان داده مي)  ماه بعد٢(ر هر مورد براي شما يك بيمار مورد عمل جراحي توسط آن تكنيك قرار گرفته و نتايج بعد از عمل   د. شويد  ها و فوايد هر روش آشنا مي        انديكاسيون
 .شود جراحي هم به شما معرفي مي

13.2 

 Diseases of the Sinuses Diagnosis and Management   (Darid W. Kennedy, MD, FRCSI, William E. Bolger, MD, FACS, S. James Zinreich, MD) ــــــ
 .باشد لوژي در دنيا مياين كتاب تقريباً معتبرترين رفرانس سينونازو.   گنجانده شده است2001 تشخيص و درمان بيماريهاي سينوس به تاليف آقاي دكتر ديويدكندي محصول سال CD ، text bookدر اين 

14.2 

 Endoscopic Sinus Surgery   (SALEKAN-eBook) ــــــ
هاي آندوسكوپيك سينوس و حتي نحوة ايستادن يا  يجمله ابزارآلات بكار رفته در جراح ترين مسائل من آشنايي شما شامل ابتدايي. شويد شود شما با فيلد تشخيص و درمان آندوسكوپيك بيماريهاي سينوسي آشنا مي بندي ارائه مي   كه به صورت طبقه    CDدر اين   

15.2 
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بـه   (Atlas and textbook)هاي پارانازال و بيماريهاي مرتبط با انها به صورت متن و گـراف   مراحل مختلف جراحي آندوسكوپيك سينوس. شود مباني آناتوميك و دايسكشن براي شما تشريح مي. شود نشستن هنگام عمل و گرفتن ابزار در دست هم مي
 : شامل مباحث زير استCDفصول اين . شود شما نشان داده مي

1- Consistent and Relible Anatomical Landmarks in Endoscopic Sinus Surgery 2- Surgical Instrumentation 3- Setup and patient positioning           4- Basic Dissection 5- Advanced Dissection 
 ENDONASAL SINUSECTOMY WITH CORRECTION OF THE NASAL CAVITY  (Rikio Ashikawe, Takashi Ohmae, Toshio Ohnisshi, Yutaka Uchida) ــــــ

The Endonasal sinusectomy with correction of the nasal cavity (Takahash's methodn) is carried out in seven steps. 

16.2 

 Endoscopic Sinus Surgery  NEW HORIZONS  (Nikhil J. Bhatt, M.D.) 17.2 ــــــ

 EVIDENCE-BASED  OTITIS MEDIA  (Richard M. Rosenfeld, MD, MPH, Charles D. Bluestone, MD) ــــــ
هـاي دارويـي و جراحـي آن          انجام شده آغاز شده و در ادامه به موشكافي در مورد انواع  اتيولوژي، علائم و مسير باليني، تشخيص، درمـان                     آشنايي از مسائل اپيدميولوژيك و تحقيقات     . شويد  هاي اوتيت مديا به صورتي اصولي آشنا مي          شما با بيماري   CDدر اين   

 : شامل مباحث زير استCDفصول اين .  گردد در ضمن اثرات اين بيماري روي تكامل كودك و كيفيت زندگي او نيز تشريح مي. شود در انتها نتايج درمان بررسي مي. پردازد مي

1- Methodology  2- Clinical Management  3- Consequences and Sequelae 

18.2 

 Facial Plastic & Reconstructive Surgery   (Terence M. Davidson, MD)  (VCD I , II) 19.2 ــــــ

 Facial Nerve Surgery   (Jack L. Pulec, M.D.)    Otologic Medical Group, Inc. Los Angeies 20.2 ــــــ

 Head and Neck Surgery   (Jatin P Shah, MD, MS (Surg), FACS)  (Mosby) 21.2 ــــــ
2001 Introduction to Ear Acupuncture (Martin Franke) 

آموزش از آناتومي و نواحي مختلف موردنظر در طب سوزني گوش آغاز شده و سپس با نحوة انجام طـب                    . شويد  ي طب سوزني گوش آشنا مي      ارائه شده است شما با اصول كل       Thieme آموزشي كه توسط مارتين فرانك تهيه و توسط انتشارات معتبر            CDدر اين   
 . هم داشته باشيد و آنها را ارزيابي نمائيدتوانيد نگاهي به نتايج اين اعمال يابد سپس شما مي ادامه مي... سوزني در بيماريهاي مختلف همچون ميگرن، بيماريهاي خواب، سرگيجه، اعتياد به سيگار و 

1- Localization Assignment        2- Localization Determination        3- Treatment           4- Evaluation 

22.2 

 La Rhinoplastica Ragionata  (Valerio Micheli-Pellegrini, Roberto Polselli) 23.2 ــــــ

 Nasal Aesthetics and Anatomy:  A Cadaver Study  (Rollin K. Daniel, M.D.) 24.2 ــــــ

 Open Tip Graft in Twin Patient  (Rollin K. Daniel, M.D.) ــــــ
Analysis, Operative Planning,  Twins Pre and Post,  Anesthesia,  Transfixion Incision,  Septal Harvest,  Open Approach,  Exposure,  Tip Anatomy,  Tim Strips,  Graft Preparation,  Radix Graft,  Crural Strut,  
Domal Excision,  Graft, Shaping,  Graft, Insertion,  Closure,  Post Op Result,  Credits 

25.2 

 OPEN RHINOPLASTY  Cadaver Dissection Program  (Dean M. Toriumi, MD.) (Vol I , II)  (College of Medicine at Chicago) ــــــ
7- Management of Lower third of the nose 

- Cephalic trimming of lateral Crura 
- Satured – in – place Collamellar Strut  
- Transdomal Sutur  
- Sutured – in – place tip 

5- Management of Middle Nasal Vault  
- Division of apper Lateral Cartilages from septum 
- Application of Spreader grafts 

3- Open Rhinoplasty approach  
- Incisions 
- Flap Elevation 

1- Access to nasal Septum 
- Hemitrans Fixatu incision 
- Havvestiong Septal Cartilage 

8- Chin augmentation 
- Preparation of the implant  
- Incision and dissection  
- placement of Implant 

6- Major septal reconstruction 
- Reconstraction of L-Shaped Septal Strat  

 

4- Stractural grafts used in Secondary  
- loteral Crural grafts  
- Alar Batten grafts  

 

2- Havvestiog of Conchal Cartilage 
- Anterior approach for harvestiog Cartilage 
- Flap elevention  
- Cartilage excision 
- Closure and dressing   

26.2 

2005 Open Structure Rhinoplasty  (A Case Oriented Approach) 27.2 

2003 Otorhinolaryngology Head and Neck Surgery   (SIXTEENTH EDITION)  (James B, Snow Jr, MD, John Jacob Ballenger, MD,) 
Otology and Neurotology  Facial Plastic and Reconstructive Surgery Pediatric Otolaryngology Rhinology Bronchoesphagology Laryngology Head and Neck Surgery  

28.2 
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 Plastic Surgery   (Fifth Edition)   (Grabb and Smith's)   (Salekan E-Book) ــــــ
باشد و مورد استفاده دستياران  اين كتاب به منظور علاقمندي به جراحي پلاستيك در تمام سطوح آموزش و درمان پزشكي مي. باشد  قسمت، كتابي كامل و كاربردي در تمام مباحث جراحي پلاستيك مي٧ فصل در ٩٢اين كتاب الكترونيكي مشتمل بر 

 .به گفتة مؤلفين اين كتاب همچنين براي امتحانات و آموزش مداوم بورد جراحي پلاستيك آمريكا سودمند است. باشد لاستيك ميو متخصصين جراحي پ
  . باشد مي ... و graft و flapهاي استفاده از  ، تكنيك implants هاي اولية جراحي پلاستيك آنشري،  بوده و در مورد ترميم زخم، تكنيكGeneral Reconstruction :بخش اول
 .باشد  و استفاده از ليزر در پوست مي Mothsهاي مادرزادي، جراحي با  هاي تومورهاي پوست، خال پردازد كه شامل چگونگي جراحي به جراحي پلاستيك در پوست مي :بخش دوم
 .باشد مي...) بيني، گوش و گونه و لب و  Reconstructionي ، هاي سر و صورت، اتوپلاسم اصلاح دفريتمي(پردازد مانند   به درمان ضايعات سر و گردن مي:بخش سوم

 .باشد مي...) endoscopic plastic surgery، تزريق كلاژن بلفاروپلاستي،  ليپوساكشن،  (dermabrasion, peeling: باشد شامل هاي زيبايي مي  جراحي:بخش چهارم
 .پرداخته است... ماموپلاستي،  كمپليكاسيون، تصيحيحي ژينكوماستي و :   ه كه شاملشرح داده شد breastهاي زيبايي و ترميمي   جراحي:بخش پنجم
 .  اين قسمت به جراحي ترميمي دست اختصاص دارد:بخش ششم
 .....ديوارة شكم و  Reconstructionدرمان زخم بستر، : باشد شامل  مربوط به ناحية اندام تحتانني و تنه مي:بخش هفتم
 .... وReconstruction of peni درمان هيپوسپادياس و: باشد شامل ة ژنيتاليا مي بحث ناحي:بخش هشتم

ما سعي كرده ايم يكبار ديگر اكثر تحقيقـات و  : لفين به گفتة مؤ.باشند ترين اشخاص در مباحث ليزري مي سه تن از مطرح  Alsterهمراه با  Goldmanو   Fitzpatrickباشند    مؤلفين كتاب از برجسته ترين پيشگامان استفاده از ليزر در درمان ضايعات پوستي مي             
 .پوست صورت فعاليت دارند مورد استفاده است rejuvenationمباحث اين كتاب به طور تخصصي مورد استفادة درماتولوژيست ها و جراحاني كه در زمينة .  دانش كاربرد ليزر در پوست را د اخل يك كتاب گردآوري كنيم

29.2 

 Primary Rhinoplasty  (Bahman Guyuron, MD, FACS, Cleveland, Ohio)  (VCD) ــــــ
مورد عمل . شود  آموزش داده ميOpen تهيه شده است، مراحل مختلف يك عمل رينوپلاستي اوليه با اپروج Ohio آموزشي كه توسط يكي از بزرگترين جراحان صاحب نام دنيا، از كشور عزيزمان ايران ، به نام آقاي دكتر بهمن غيوران از دانشگاه VCDدر اين 

 ديـدن ايـن   .كننـد  اجرا مـي ) پانسمان(تا انتها ) حسي توپيكال تزريق و بي(العاده مشكلي در زمينه رينوپلاستي محسوب شده و آقاي دكتر غيوران پس از آناليز كامل نازوفاشيال جراحي را با ظرافت هر چه تمامتر از ابتداي امر    فوق Caseباشد كه     دختر جواني مي  
VCDكنيم  را اكيداً به كليه متخصصين توصيه مي. 

30.2 

  RHINOPLASTY   A Practical Guide to functional and asthetic surgery of the nose  (G. J. Nolst) ــــــ
. شود آموزش داده مي) هوشي عمومي تحت بي)  (از تكنيك تا اعمال جراحي(هاي جراحي،  از مراحل پايه  شناسي و  تكنيك در اين فيلم اصول پايه زيبايي. باشد ي ميراهنمايي عملي جهت جراحي فانكشنال و استاتيك بين. شود اين برنامه آموزشي كه توسط دكتر نولست ارائه مي

 .شود  كمك گرفته ميopenشود و براي قراردادن آن از اپروچ  تهيه مي) شيلد يا استرات كلوملا(وف كونكاي گوش بيمار، گرافت در انتها از غضر. كنيم  جلب ميtipدر اين فيلم توجه شما را به نحوة انجام استئوتومي از راه پوست و نيز حفظ ساپورت 
 : شاملCDفصول اين . هاي آن بخش نشان داده شده است  توضيحاتي داده شده و سپس تصاوير رنگي و فيلم مربوط به جراحيtextدر هر فصل ابتدا به صورت 

- Basic Knowledge: شناختي   شامل آناتومي، زيبائيPre-op و Post-opحسي به صورت فيلم پرداخته است ها و نحوة بي  و كمپليكاسيون. 
- Operative techniques :   پلاسـتي و   هـاي عمـل سـپتو    بـه شـيوهturbinate surgery هـا،    گرافـتSpreadergrafs modified zplasty-Nasalvalve surgery  جراحـي ،osseocartileginous رينوپلاسـتي  Open ، external rhinoplasty ، 

Wedgeresection in alar base surgeryپرداخته است . 
- : Capita selectaهاي ساختماني پرداخته است مانند  تصحيح شكاف لب و بيني،     فصل آخر به درمان بيماريaugmentation rhinoplasty  ،rhinosurgery   ان، در كودكRevision surgery تصحيح Pverprojected nasel tip. Saddle noseپرداخته است . 

 .باشد مي Conchal Cartilage harvestingميكرواستئوتومي و ... ) اكسترنال و (هاي مختلف براي رينوپلاستي  هاي رينوپلاستي كودكان و اپروچ نشان دادن تكنيك:   شامل Video gallery  آسان بوده و دارايCDاستفاده از اين 

31.2 

 RHINOPLASTY    GOLDMAN TECHNIQUE    (ROBERT L. SIMONS, MD., NORTH MIAMI BEACH, FLORIDA)   (VCD) (CD I , II) ــــــ
افزار فوق براي تشريح تكنيك يـك   در نرم. باشد  با كمك تكنيك گلدمن مي(tip plasty) بيمار tipيح عمده هدف اين برنامه تصح. شود  آموزشي مراحل مختلف عمل رينوپلاستي توسط دكتر سيمون از دانشگاه ميامي تشريح ميVCDدر اين 

Case هوشي  باشد تحت عمل با بي اي مي  ساله٢٧ كه خانمStand byبيني بيمار از نوع . شود  انجام ميprojected tipآيد ر به عمل ميدر ابتدا يك آناليز كامل استاتيك نازوفاشيال از بيما. باشد  مي. 

32.2 

 Rhinoplasty  The American Academy of Facial Plastic and Reconstructive Surgery  (CD I, II)  (E. Gaylon McCollough, M.D.) (the St. Louis Aging Face Symposium) ــــــ

در ايـن عمـل از   . شـود   به تفكيك بيان و اجرا مي Stand byهوشي  شود، مراحل مختلف يك عمل رينوپلاستي بر روي بيمار ميانسال تحت بي  ارائه ميAging Face مدر سمپوزيو (.E. Gaglon McCollough M.D) در اين برنامة آموزشي كه توسط دكتر
 . شود  استفاده ميLLCهاي  كردن قسمت سفاليك غضروف  جهت ترميمdeliveryاز روش . شود ه مي دادrotation بيني اين بيمار، افزايش tipبر روي . باشد  ميtip plastyشود و بيشترين توجه روي   استفاده ميClosedاپروچ 

 .شود  انجام شده و پانسمان مخصوص و جالب مولف بر روي صورت بيمار قرار داده ميAlar base resectionدر نهايت براي بيمار 

33.2 

 RHINOPLASTY DOUBLE  DOME UNIT  (CD I , II)   (E. Gaylon McCollough MD, Birmingham, Albama) ــــــ
امه نگرشي اين برن.  بوده و هدف عمده جمع كردن آن استtipشود كه مشكل آن عمدتاً در ناحيه  مراحل مختلف عمل رينوپلاستي بر روي خانمي انجام مي. شود  از دانشگاه بيرمنگام ارائه ميE. Gaglon MC Collouchدر اين برنامة آموزشي كه توسط دكتر 

 . آن استmanagement و نحوة Double Dome Unitبه 

34.2 
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 Rhinoplasty The Overly Projected Nasal Tip    (Trent W. Smith, M.D.F.A.C.S.) ــــــ
 بينـي،   tipبا توجه به بلندبودن طول مويال كروراها به عنوان علت برچسته بـودن              . شود  ختلف عمل بر روي يك بيمار انجام مي       برجسته مورد بررسي قرار گرفته و مراحل م        tip هاي با   در اين برنامة آموزشي مترولوژي و نتايج كلينيكي رينوپلاستي در بيني          

 . و جراحي پلاستيك دانشگاه اوهايو ارائه شوداين برنامه توسط آقاي دكتر اسميت استاد و مدير گروه بخش گوش و حلق و بيني.    شود تلاش در جهت كوتاه بودن طول آنها در جهت اصلاح اين برجستگي انجام مي

35.2 

2003 SURGERY of the EAR    (Fifth Edition)   (Glasscock-Shambaugh) (Michael E. Glasscock III, MD, FACS, Aina Julianna Gulya, MD) 

 :عبارتند از CDعناوين اين .  باشد هاي جراحي گوش در دنيا مي كتاب شامپو يكي از معتبرترين رفرانس. ودش   به شما ارائه مي (2003) جراحي گوش شامپوـ گلاسكو، اويشن پنجمCD . textbookدر اين 
1- Scientific Foundations                                                              3- Clinical Evaluation                    5- Fundametals of Otologic/Neurotologic Surgery                 7- Surgery of the External Ear   
2- Surgery of the Tympanomastoid Compartment                       4- Surgery of the Inner Ear             6- Surgery of the IAC/CPA/Petrous Apex                    8- Surgery of the Skull Base 

36.2 

 The MEDPOR Lower Eyelid Spacer (James Patrinely, M.D.F.A.C.S., and Charles N.S. Soparkar, M.D., Ph.D.)   (VCD) ــــــ

 .شود ارد زير ارائه مياين آشنايي در غالب مو. شويد شود، شما با پروتزهاي مدپور پلك تحتاني آشنا مي  آموزشي كه توسط دكتر پاترينلي و دكتر سوپاركار ارائه ميVCDدر اين 

3) Medpore biomaterial 2)  Addressing and management potential Complications 
- managing winging are edge flare 
- managing ridging 
- managing under correction 
- managing overcorrection 
- managing implant exposure 
- managing entropion 
- managing entropion 
- Implant exchange 

1)   Introduction and Surgical technique 
- Cartilage grafts 
- Non-rigid spacer grafts (hard Patale/Sclera,dermis) 
- Medpore Lower Lid Advantages 

 

37.2 

 The MEDPOR Nasal Shell Implant  (Paul O'Keefe, M.B, B.S., (SYD), F.R.C.S., F.R.A.C.S.)   (VCD) 38.2 ــــــ
 VCD Journal of ENT  APPROACH VESTIBULAR NEURECTOMY-TRANSTEMPORAL SUPRALABYRINTHINE APPROACH ــــــ

MICROSURGERY OF THE SKULL BASE TRANSOTIC APPROACH ACOUSTIC NEUROMA (Prof. U. Fisch Zurich)  (VCD#2) 

39.2 

 VCD Journal of ENT INFRATEMPORAL FOSSA APPROACH TYPE C   (Prof. U. Fisch Zurich)  (VCD#4) 40.2 ــــــ
 VCD Journal of ENT INFRATFMPORAL FOSSA APPROACH  GLOMUS TEMPORALE TUMOR    (Prof. U. Fisch Zurich)   (VCD#1) 41.2 ــــــ
 VCD Journal of ENT MICROSURGERY OF THE SKULL BASE TRANSOTIC APPROACH ACOUSTIC NEUROMA-INFRATEMPORAL FOSSA APRROACH TYPE C  (Prof. U. Fisch Zurich) (VCD#3) 42.2 ــــــ
 VJGS Invited Presentation: Thyroidectomy  (Jon A. van Heerden, ND) 43.2 ــــــ
 San Diego Classics in Soft Tissue & Cosmetic Surgery Rhinoplasty (Part 1-6)  (Richard C. Webster, MD, Terence M. Davidson, Alan M. Nahum) 44.2 

 
  زنان و مامائي-٣

 CDعنوان  سال انتشار
 Abdominal Colposacropexy and Vaginal Sacropinus Suspension  (Harold P. Drutz MD FRCS (C)   (VCD) 1.3 ــــــ
 Adapted form Physical Examination and Health Assessment, 2/e (Carolyn Jarvis, RN, C, MSN, FNP)  (W.B. Saunders Company)   (VCD)   2.3 ــــــ
 Advanced Colposcopy: Understanding Vessel Patterns  (Dorothy M. Babo, MD)   (VCD) ــــــ

 : تغيير كولپوسكوپي به دو فاكتور مهم نياز دارد:  در موردVJOG از سري CDاين ويدئو 
 . دانش الگوهاي نرمال  يا ابنرمال سرويكس-٢قيق       نگرش د-١ 

 در قسـمت آخـر   هاي رنگي و اسلايد نشان داده شـده اسـت   و افتراق آنها از يكديگر و پاتولوژي ضايعات همراه با عكس.....) مانند بازتاب نور توسط موكوس، كراتين و     ( ابتدا در مورد فيزيك دستگاه و سپس عواملي كه در مشاهده ضايعات موثر است               
 .روش كاركردن صحيح با كولپوسكوپ نشان داده شده است

3.3 
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2000 Advanced Therapy of BRAST DISEASE  (S. Eva Singletry, MD, Geoffrey L. Robb, MD) 4.3 
2004 Active Management of Labour     (Kieran O'Driscoll, Declan Meagher)  (SALEKAN E-BOOK) 5.3 
2001 American Cancer Society  Atlas of Clinical Oncology  (Cancer of the Female Lowe Genital Tract) (Patricia J. Eifel, M.D. Charles Levenback, M.D.)  (SALEKAN E-BOOK) 

 

 Cervixشده براي كانسر مهاجم  هاي پذيرفته آخرين تغييرات در درمان   . باشد  ن كانسرها دستگاه تناسلي تحتاني زنان مي      كردن مرور و آناليز بيولوژي، تشخيص، ارزيابي و درما          اين كتاب الكترونيكي به گفتة مؤلفين به منظور فراهم        
 . و يك بازنگري كلي در همه مباحث آورده شده شده است

 Chemotherapy in Curative 
Management Surgery for Vulvar Cancer  Surgical Treatment of Invasive Cervical 

Cancer Diagnostic Imaging  Epidemiology 

Post-treatment Surveillance  Radiation Therapy for Vulvar Cancer Radiation Therapy for Invasive Cervical 
Cancer 

Screening for Neoplasms Pathology 

Palliative Care Acute Effects of Radiation Therapy Radical Management of Recurrent Cervical 
Cancer 

Treatment of Squamous Intraepithelial 
Lesions 

Molecular Biology 

 Late Complications of Pelvic Radiation 
Therapy Management of Vaginal Cancer  Invasive Carcinoma of the Cervix Anatomy and Natural 

History  

6.3 

2000 Atlas of Clinical oncology Breast Cancer (American Cancer Society )  (David J Winchester, MD, David P Winchester, MD) 
 :باشد  شامل مباحث زير ميCDعناوين اين 

Genetics, Natural History, and DNA-Based Genetic Counseling in Hereditary Brast Cancer         Breast Cancer Risk and Management: Chemoprevention, Surgery, and Surveillance     
 Screening and Diagnostic Imaging      Imaging-Directed     Breast Biopsy     Histophathology of Malignant Breast Disease          Unusual Breast Pathology       Prognostic and Predictive Markers in Breast Cancer    
 Surgical Management of Ductal Carcinoma In Situ               Evaluation and Surgical Management of Stage I and II Breast Cancer   Locally Advanced Breast Cancer    Breast Reconstruction 

7.3 

2001 ATLAS OF ENDOSCOPIC TECHNIQUES IN GYNECOLOGY  (First Edition)  (Jeffrey M. Goldberg, MD, Tommaso Falcone, MD)  (©W.B. Saunders, Philadelphia) 

 :باشد اين كتاب الكترونيكي شامل عناوين ذيل مي
1- Instrumentation and Pelvic Anatomy 5- Patient Preparation 8- Tubal Surgery 
2- Surgery for Pelvic Support 6- Surgery for Endometriosis and Pelvic Pain 9- New Procedures 
3- Ovarian Surgery 7- Complications 10- Uterine Surgery 
4- Hysteroscopic Surgery   

8.3 

 Atlas of Gynecologic Surgery   (3rd edition)  (H.A. Hirsch, M.D., O. Käser, M.D., F.A. Iklé, M.D.)   (Thieme)  (SALEKAN E-BOOK) 9.3 ــــــ
2001 Atlas of Transvaginal Surgery   (Second Edition)  (©W.B. Saunders, Philadelphia)  (VCD) 

- Prolene sling in the treatment of stress incontinence                 - Fibro-fatty labial flap (Martius Flat) for vaginal reconstruction                   - Transvaginal hysterectomy for severe prolapse 
- Transvaginal repair of enterocele and vault prolapse                 - Transvaginal repair of vesico-vaginal fistula using a peritoneal flap - Transvaginal repair of grade IV cystocele 
- Excision of urethral diverticula   - Transvaginal repair of posterior vaginal wall prolapse 

10.3

 COLPOSCOPY   an Interactive  CD-ROM     (Thomas V. Sedlacek, MD, Charles J. Dunton, MD)   11.3 ــــــ
 Core Curriculum in Primary Care   Patient Evaluation for  Non-Cardiac Surgery and Gynecology and Urology   (Michael K. Rees, MD, MPH) ــــــ

CCC اي از   مجموعهCDباشد كه براي آموزش مداوم دستيارانگ و متخصصين هر رشته توسط اعضاء هيئت علمي دانشگاه پزشكي  هايي ميHarvardبنا نهاده شده است . CDهر كدام از ايـن  .   اضر در مورد جراحي، زنان و اوروژي را گردآوري كرده است ح
 سخنراني به صـورت يـك مقالـه چـاپي در            سپس خلاصه هر  . اي براي ارزيابي كاربر آورده شده است        در آخر هر سخنراني و مبحثي، سؤالات مربوطه به صورت چهارگزينه          . باشد  ها علاوه بر اسلايدهاي آموزشي متن سخنراني نيز در دسترس كاربر مي             سخنراني

 :باشد شامل مباحث زير مي.  ها آورده شده است مجلات علمي و روزنامه
 Male   impotence  عقيمي مردان  -٣                       (AUB).هاي ابنرمال رحم    ارزيابي خونريزي-٢ارزيابي و آماده كنيم؟                   ) بجز جراحي قلب( چگونه يك بيمار را براي اعمال جراحي -١

12.3 

 Core Curriculum in Primary Care  Gynecology   (Michael, Isaac Schiff, Keith, Thomas, Annekathryn) 13.3 ــــــ
2003 Danforth's Obstetrics and Gynecology    (James R. Scott)  (9 Edition)   (SALEKAN E-BOOK) 14.3 
 Diagnosis of Benign Breast Disease (Dorothy M. Barbo, MD)  (VCD)  Submitted Subject The Limits of Laparoscopy: Diapharbmatic Endometriosis  (David B. Redwine, MD) ــــــ

 .باشد  ميVJOG (Video Journal ob/Gyn) از سري CDاين ويدئو 
 باليني و ماموگرافي آورده شده است و سپس شكايات شايع بيماران بيان شده و سپس بصورت الگوريتم طرز برخورد و انجام آزمايشات مربوطه در مورد  خيم از بدخيم از طريق شرح حال ه و افتراق ضايعات خوش ابتدا آناتومي و سپس طرز معاينCDاين ويدئو  .١

15.3 
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Mastodynia،   nipple discharge و Cyst و يك توده Solidدر اين ويدئو . ٢   . آورده شده استCD بيمار با اندومتريوز ناحيه ديافراگم بحث گرديده است٢و در مورد تشخيص و درمان . هاي لاپاراسكوپي بحث شده است در مورد محدوديت . 
 Endoscopic Surgery for Gynecologists    (Suttond & diamond)   (second Edition) 16.3 ــــــ
 Handbook of disease of the breast  (Second Edition)    (Michael Dixon, Richarc Sainsbury)  (Salekan E-book) 17.3 ــــــ
 INTERACTIVE COLOR GUIDES  Obstetrics Gynecology Neonatology   (David James, Mary Pillai, Janice Rymer, Andrew N. J. Fish, Warren Hye) ــــــ

 
 :  به شرح زير است CDعناوين موجود در  اين

1. Normal Infant                                3. Birth Trauma                   5. Deformations                  7. Iatrogenic Lesions                      9. Skin Disorders  
2. Congennital Abnormalities           4. Syndromes                       6. Infection                           8. Surgical Problems                   10. Low-Birth-Weight Infants 

18.3 

?LAVM: Our First one Hundred Cases; What have We Learned ــــــ      (Dr G. F. Stohs, MD  & Dr. L. P. Johonson, MD) 
 . بيمار نشان داده شده است١٠٠موربيديتي و مورتاليتي و عوارض ايجاد شده با اين روش حين عمل در  CDدر اين ويدئو . ه طريقه لاپاراسكوپي فراگير شده استامروزه هيستركتومي ب

19.3 

 Nine Month Miracle (A.D.A.M. Software, Inc.) ــــــ
1. Anatomy        2. The Family Album          3. A Child's View of Pregnancy 

20.3 

 Obstetric Ultrasound Principles and Techniques ــــــ
 :باشد شود كه عناوين آن به شرح زير مي هاي لازمه در سونوگرافي مامائي ارائه مي اي در رابطه با مهارت  مطالب جامع و ارزندهCDدر اين 

  Body و CNSهاي   بررسي آناتومي جنين و آنومالي-و جداول آنها                   HC و AC و BPD . FL تعيين سن حاملگي بر اساس معيارهاي -
 ها و امبريو و كيسه زرده در تريمستر اول  آناتومي رحم و آدنكس-گيري آنها                 و نحوة اندازهCRL و Gs  تعيين سن بارداري در تريمستر اول بر اساس -
 گيري آنها  و نحوه اندازهAC و FL  تعيين سن بارداري در تريمستر دوم و سوم بر اساس -گيري آن              تر دوم و سوم بر اساس دور سر و نحوه اندازه  تعيين سن بارداري در تريمس-
  حجم مايع آمنيوتيك    تعيين محل جفت و-........)              كليه -معده(  مطالب جالبي در رابطه با آناتومي جنين در تريمستر دوم و سوم -
        (Cord Insertion) انفاركتوس و وارياسيون محل خروج بند ناف -گزيني جفت و بررسي ركولمان و پلانتاپرويا                                           تعيين محل لانه-
 كردن سؤالات در رابطه با آنها و پاسخ مربوطه  و مطرحCase Study بررسي لكينيكال و سونوگرافي -                         )                          بيوفيزيكال پروفايل (BPP توضيحاتي در رابطه با -

21.3 

 Operative Obstetrics   (Larry C. Gilstrap III)  (2nd Edition)    (SALEKAN E-BOOK) 22.3 ــــــ
 Safety principles for surgical techniques in minimally invasive gynecologic surgery  (Dr. Samir Sawalhe)  (CD I , II) ــــــ

(Equipment, preparation, positioning, approach alternatives, safe entry, nots on application) 

1. Instruments/equipment       2. Positioning       3. Disinfection/preparation      4. Approach alternatives       5. Electrical morcellation 

23.3 

 Single Puncture Laparoscopic Technique  (Marco Pelosi, MD)  (VCD) ــــــ
 .گردد  بيان ميmultiple punctureو سپس مزايا اين روش به نوع .   شود  توصيف گرديده و شرايط اطاق عمل، طريقه و وسائل عمل توضيح داده ميSingle puncture روش لاپاراسكوپي به صورت CDدر اين ويدئو 

24.3 

 Submitted Subject: Transvaginal Sonographic Assessment of Pelvic Pathology: Preoperative Evaluation   (Frances R. Batzer, MD) ــــــ
 

 : بخش زير تشكيل شده است٣ از CDاين ويدئو 
شود و سپس با هيسترسكوپي و لاپاراسكوپي ضايعات   بيمار بيان شده و با سونوگرافي ترانس واژينال تشخيص و محل دقيق ضايعات لگن داده مي٦ده و سپس شرح حال اين قسمت ابتدا در مورد كاربردهاي سونوگرافي ترانس واژينال بحث ش  در):فيلم اول(

 : هاي سطر به شرح زير استCase. گردد جراحي مي
 resection هيستروسكوپيك ←  درمان ← ساب موكوس فيبرون ← تشخيص ترانس واژينال سونوگرافي  ← سال ٢اي به منومتروراژي به مدت   ساله٤٢خانم 

 Hysteroscopic Resection:  درمان← Septate uterus ←گرافي  تشخيص ترانس واژينال سونو←اي با تاريخچه ختم حاملگي مكرر در تريمستر دوم   ساله٢٤خانم  -١
  با تاريخچه اندومتريوز و درد ناگهاني و ش  ساله٣٦خانم  -٢
  YAبرداشتن كيست با لاپاراسكوپ با ليزري :  درمان←ما  اندومتريو←   تشخيص ترانس واژينال سونوگرافي←ديد ناحيه لگن  -٣
 اسكوپيبرداشتن درموئيد كيست با لاپار:  درمان← Cyst درموئيد ← تشخيص ترانس واژينال سونوگرافي ← با درد ناحيه لگن   ساله٤١خانم  -٤
 برداشتن ضايعه با لاپاراسكوپ:   درمان← Cyst فوليكول در ← تشخيص ترانس واژينال سونوگرافي ←شود   بطور اتفاقي متوجه بزرگي تخمدان يكطرف مي  ساله٤٣خانم  -٥

25.3 
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  Left Salpingectomy: درمان  ←  ectopicpregnancy ترانس واژينال سونوگرافيتشخيص  ← قبل تشخيص  هفته٣ LMP م واي با خونريزي مداو  ساله٢١    خانم -٦

 :)فيلم دوم (
Limiting Physician Exposure to Hepatitis B and HIV : Ob / Gyns  ( R.Viscarello.MD) 

 .هاي پيشگيري در مطب متخصصين زنان و زايمان بيان شده است باشد گفته شده است و راههاي صحيح استفاده از سونوگرافي و لاپاراسكوپي و روش  در تماس ميHIV يا HBVهاي پيشگيري و درمان فردي كه با   راهCD ويدئودر اين 
  : )فيلم سوم(

Laparoscopic Retropubic Colposuspension For Stress urinary incontinence     (Gordon. D. Davis, MD. & R.W.Lobel,MD 
 . بطريقه لاپاراسكوپي بيان شده استStress incontinenceطريقه اصلاح  CDدر اين ويدئو 

 ):فيلم چهارم(
Bi-polar Desiccation of Vascular Tissue: Laparoscopic Hysterectomy     (Paul, D. Indman,MD) 

 .نشان داده شده است bi-polar desiccationهاي عروقي كوچك و متوسط در اعمال جراحي توسط  ين فيلم طريقه برداشتن پايهدر ا
1999 TEXT AND ATLAS OF Female in Fertility  Surgery   (ROBERT B. HUNT)  (Third Edition)  (Mosby)   (SALEKAN E-BOOK) 

 :باشد وين ذيل مياين كتاب الكترونيكي شامل عنا

BASIC SCIENCE ENERGY SOURCES RADIOLOGIC PROCEDURES HYSTEROSCOPY LAPAROSCOPY LAPAROTOMY ENDOMETRIOSIS ADDITIONAL CONSIDERATIONS  

26.3 

2002 Triplet Pregnancies and their Consequences  (Louis G. Keith, MD, Isaac Blickstein, MD)  (SALEKAN E-BOOK) 

 

Epidemiology and biology Antepartum considerations Delivery/birth considerations The Matria database Short-term outcomes Sources of information on multiple births 

Prenatal diagnosis Long-term outcomes Preventive measures Miscellaneous Future dicections   

27.3 

 TVT Tension-free Vaginal – Tape ــــــ
 : از  بخش زير تشكيل شده استCDاين 

Stress Incontinence Anatomy&Terminology Tension-free Vaginal Tape Indication&Patient Selection TVT Procedure Clinical Information Sales Support  

28.3 

 Urogynecology: Evaluation and Treatment of Urinary Incontinence  (Bruce Rosenzweig, MD, Jeffrey S. Levy, MD, Donald R. Ostergard, MD) ــــــ
 

 . وجود داردCD كه به صورت تصاوير كاملاً رنگي بوده و توضيحات به صورت نوشتاري و فايل صوتي كه بر روي هر قسمت از اين CDاين 
Urogynechology د شامل قسمت مجزا دار٤ : 

-   Introduction Definigg Incontinence    - Evaluation        -  won surgical & surgical Management      -  Consideration for the OB/GYN Generalist 
 
١ (:Introduction & Defining Incontince     اين قسمت خود شامل مباحث: 

    incontince       affected women      Patient misconceptions      incontinence awareness       Types of incontinernce تشخيص     
 
 incontinency:ارزيابي بيماران با ) ٢

  un  ,  u/s         Voiding diary     معاينات باليني     تاريخچه      Pad test     Cystometrogram     Postvoid residual     uroflowmetry     Cystoscopy 
  Multi-Channel urodynamics      Pessary test 

 
  :Stress urinary incontinenceتدابير درماني جراحي و غير جراحي در ) ٣

 . بحث شده است....)  و funetional electrieal Stimalationهاي داروئي   و درمان(biofeedback, Beharioral modification( درماني غيرجراحي  باشد و سپس روش گيري در مورد روش درماني مي اين قسمت شامل الگوريتم تصميم

29.3 
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 .ها توضيح داده شده است  اين روش Complicationا ذكر شده و در آخر ه هاي بعدي مقايسه درصد موفقيت روش در قسمت.  اعمال جراحي شرح داده شده استProcedureهاي انجام جراحي بحث شده و سپس  ابتدا در مورد روش: هاي جراحي روش

٤ (Consideration for the OB/Gyn Generalist:  
 urogynechology as a subdiscipline         Non surgical therapy          incontinrence management to private patients   :در اين فصل

 eystometry   professional consideration    Urodynamics        Set-up requirement  equipment cost     Allied Staffمورد بحث قرار گرفته است       . 
 Video Journal of Gynecology  (Vaginal Hysterectomy  Wedge morcellization Technique for the Large Uterus)  (The Infertile Couple)   (David Olive, MD, George W. Morley MD,) 30.3 ــــــ
 WOMEN'S HEALTH  (MOSBY'S PRIMARY CARE) ــــــ

 
 .باشد  ميFemale Genitiourinary Tract و معاينات باليني  (Female Genitalia) هاي سرپائي مربوط به بيماريهاي زنان و دستگاه ژنيتالهاي زنان Procedure شامل CDاين 

 .هاي تشخيصي و غيره بحث شده است  و چگونگي انجام عمل و عوارض و تستL ، آناتومي ، انديكاسيون و كنتراانديكاسيون L  در هر فصل علاوه بر روش
 : اي است كه در آخر هر بخش آورده شده است ند گزينههاي چ  يا تست CNG و ديگر CDهاي ويدئوئي در  ها به صورت فيلم نشان دادن تمام روش:  شامل  CDخصوصيت منحصر به فرد اين 

 : شامل CDعناوين اين 
١- Breast examination  نامه،  آناتومي ، پاتوفيزيولوژي ، انديكاسيون و كنتراانديكاسيون ، تجهيزات ، آموزش به بيمار، فرم رضايت :  شاملPojitionكي ، تشـخيص افتراقـي و   ها و پرونده و اشكالات تكني  بيمار تكنيك و ثبت يافتهquiz   انتهـاي بخـش 

 آمده است هاي ويديوئي به نمايش در هاي رنگي و فايل باشد تمام مراحل بايد به صورت تماس مي
٢-   Colposcopy:  ابتدا آناتومي cervixبا شكلهاي تمام رنگي نمايش داده شده است و توضيحات لازم در متن آورده شده است . 

هاي افتراقي   و كمپيكاسيون ، تشخيصProcedne ، آماده كردن محل، آنستزي، تكنيك انجام Positioningانديكاسيون و كنتراانديكاسيون با آموزش به بيمار تجهيزات لازم ، . و فيزيولوژي ناحيه سروكيل شرح داده شده استسپس در مورد پاتولوژي 
 .م در مورد چگونگي انجام روش كوپيوسكوپي در اين فصل وجود دارد فيل٧.  وجود داردQuizو تغيير نتايج شرح داده شده در آخر فصل 

انديكاسـيون و    هـا    Procedureسـپس ماننـد ديگـر       . و بيوپسي آندومتريال همراه با تصاوير قديمي آورده شده است سپس آناتومي پاتوفيزيولوژي آن بـه تصـاوير رنگـي شـرح داده شـده اسـت                           D&Cاي از     ابتدا و مقدمه تاريخچه   : اندومتريال بيوپسي  -٣
 . قرار داردQuizآخر فصل . هاي انجام بيوپسي آورده شده است هاي مربوط به تجهيزات و روش در آخر فصل فيلم. آورده شده است....  بيمار، آنستزي و Positionكنتراانديكاسيون و تكنيك ، آمادگي بيمار، 

٤- Pelvic Examination: يكي  بعد از مقدمه در مورد آناتومي ناحيه ژنت(utenes , carivx , vagina , valve)، با تصاوير رنگي آورده شده و چگونگي انجام معاينه Position فيلم معاينه لگني ٦و سپس . ها آورده شده است  بيمار، انديكاسيون ، كنترايكاسيون و تغيير يافته 
 .  و چگونگي گذاشتن اسپكولوم و تجهيزات نشان داده شده استrectovaginal , bimanual با پاپ آسمير، معاينهexetrnalgenifalicnكامل، معاينه 
 . آورده شده استQuizدر آخر 

٥- Pap Smear : انديكاسيون ، كنتراانديكاسيون ، . شود با پاپ آسمير بررسي كرد اي كوتاه در مورد آناتومي منقطع و پاتوفيزيولوژي بيماريهاي كه مي  ابتدا بعد از مقدمهPosition فـيلم  ٥. شرح داده شده است.... انجام، اشكالات تكنيكي ، تجهيزات و  روش 
 .از چگونگي معاينه ، گذاشتن اسيكولوم و انجام پاپ اسمير و تجهيزات آن آورده شده است

٦- Vaginal Secretion) پس تجهيزات مورد نياز، چگونگي گرفتن كشت، انجام تست هاي افتراقي آن پرداخته شده است و س  در اين مبحث ابتدا علل ترشح واژينال و تشخيص):ترشح واژينالKOH قرار دادن ترشحات بر روي ، slide و مشاهده آن 
 . نيز در آخر فصل وجود داردQuizبا ميكروسكوپ با فيلم و تصاوير رنگي نشان داده شده است و 

31.3 

2003 UTEROSALPINGOGRAPHY IN GYNECOLOGY (Hysterosalpingography)  It's Application in Physiological And Pathological Conditions            (SALEKAN E-BOOK) 
 

 :باشد  ميUtero Salpingography حاوي مطالب ذيل در ارتباط با CDاين 
 

  تغييرات پاتولوژيك رحم- وپهاي فال هاي مادرزادي رحم و لوله  آنومالي- هاي فالوپ  عملكرد رحم و لوله- Uterosalpingography  اصول كلي در -
 ها هاي فالوپ، پريتوئن و تخمدان  پاتولوژي لوله-  سل تناسلي و فيستول ژنيتال- )ديس منوره( سقط مكرر و قاعدگي دردناك -
 

 . گنجانده شده استUSGالذكر تصاوير راديوگرافيك متعدد واضحي در ارتباط با   فوقCDدر 

32.3 

 Your Pregnancy, Your Newborn The Complete Guide for Expectant and New Mothers 33.3 ــــــ

 
  علوم آزمايشگاهي-٤

 CDعنوان  سال انتشار
 A Manual of Laboratory & Diagnostic Tests    (Frances Fischbach)    (Sixth Edition)   (SALEKAN E-BOOK)  1.4 ــــــ
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 :باشد  فصل است و شامل موارد زير مي١٦ كتاب الكترونيكي شده است مشتمل بر كه در مركز خدمات فرهنگي سالكان تبديل به CDاين 

Diagnostic Testing Blood Studies Urine Studies Stool Studies 
Cbemistry Studies Microbiologic Studies Immunodiagnostic Studies Nuclear Medicine Studies 
Cytology, Histology, and Genetic Studies Endoscopic Studies Ultrasound Studies Pulmonary Functio and Blood Gas Studies 
Prenatal Diagnosis and Tests of Fetal Well-Being Cerebrespinal Fluid Studies X-ray Studies Special Systems, Organ Functions, and Post Mortem Studies  

2002 A Slide Atlas of ATHEROSCLEROSIS   (Progression and Regression)   (Herbert C. Stary) 

مطالعه اين نرم افزار به متخصصين پاتولوژي .  اسلايد تخصصي مراحل مختلف پيشرفت و پسرفت بيماري آترواسكلروزيس در سنين مختلف و قلب و عروق مختلف بدن را با تصاوير ميكروسكوپي و الكتروني به زيبايي به تصوير كشيده است۹۴اين نرم افزار با 
 .و قلب و عروق توصيه ميشود

2.4 

2002 American Sodiety of Hematology   (CD  1-5)  (44th Annual Meeting)  
CD-1: ALL    -AML    -ASH/ASCO Joint Symposium    -Atypical Cellular Disorders 
CD-2: CLL    -CML    -CNS Lymphoma    -Cutaneous Lymphoma    -E. Donnall Thomas Lecture 
CD-3: Enhancing Physician/Patient Communication Regarding Hematologic Disorders    -Ham-Wasserman Lecture    -Hematology Grants Workshop  
            -Hypercoagulability: Too Many Tests, Too Much Conflicting Data    -Malaria and the Red Cell     -Marrow Failure 
CD-4: Multi[ple Myeloma    -Myelodysplastic Syndromes Non-Myeloablative Transplantation    -Platelets: Thrombotic Thrombocytopenic   -Purpura  Plenary Policy Frum 
CD-5:  Presidential Symposium    -Red Cell Antigens as Functional Molecules and Obstacles to Transfusion    -Sickle Cell Disease    -Stem Cell Transplantation: Supportive Care and 

Long-Term Complications    -Stem Cells: Hype and Reality Update on Epidemiology and Therapeutics for Non-Hodgkin’s Lymphoma 

3.4 

 An Electronic Companion to Microbiology for MajorsTM  (Mark L. Wheelis)    Reviw , Test yourself ــــــ
 :باشد  شامل عناوين زير ميCDاين 

What Are Microorganisms? Methods of Microbiology Eukaryotic Cell Struture Metabolism & Energy Gene Regulation Microbial Ecology Disease 
Classification Prokaryotic Cell Struture Growth & Reproduction Microbial Genetics Viruses Defenses Againses Infection   

4.4 

  Atlas of  HEMATOLOGY ــــــ
 :باشد  حاوي موارد زير ميCDاين 

1. Examination of Blood Cells    2. Normal Hematopoiesis and Blood Cells      3.Dynamic Cell Morphology          4. Hematolopathology          5. Cluster of differentiation Archive          6. Self-Assessment 

5.4 

 Atlas of Surgical Pathology   (Johns Hopkins) (Jonathan I. Epstein, Neera P. Agarwal-Antal, David B. Danner, Kim M. Ruska) 6.4 
2003 Atlas of Medical Parasitology  (Dr. K. Ghazvini) 

های پزشـکی خصوصـاً رشـته علـوم      های مختلف رشته  های بیماریزای انسانی شامل تصویر انگل، ضایعات ایجادشده، ناقل انگل و سیکل زندگی و تکثیر انگل است که جهت استفاده گروه                      تصویر رنگی از انواع انگل     2000افزار فوق حاوی حدود      نرم
افـزار   شده در این نرم مباحث مطرح. باشد بسیاری از تصاویر موجود در این مجموعه منحصر به فرد می  . آوری گردیده است که توسط دکتر قزوینی بازنگری و ویرایش گردیده است            نابع مختلف جمع  تصاویر مجموعه مزبور از م    . آزمایشگاهی مفید است  

 :عبارتند از
* Heart and Muscles Parasites       * Eye Parasites           * Case reports and updates in parasitology      * Central Nervous System (CNS) Parasites       * Gnito-Urinary Parasites    
* Lung Parasites                             * Skin Parasites         * Blood, Bone Marrow, Spleen Parasites        * Liver and Biliary Tree Parasites                          * Intestinal Parasites (Helminths)          * Intestinal Parasites (Protozoa) 

7.4 

2000 Basic histology:  TEXT & ATLAS IMAGE LIBRARY   (Tenth Edition)     (Luiz Carlos, Juhqueira, Jose CARNEIRO)   (A Division of The McGraw-Hill Companies) 
1-  Luiz Carlos   JUNQUEIRA              2 -  Jose  CARNEIRO 

8.4 

1999 Biochemical Interactions An electronic companion to:  FUNDAMENTALS OF BIOCHEMISTRY (Donald voet, Judith G. voet, charlotte W. Pratt)  (Version 1.02) 

 : شامل مباحث زير استCDاين 

NUCLEOTIDES AND NUCLEIC ACIDS PROTEINS: PRIMARY STRUCTURE PROTEIN FUNCTION 

9.4 
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LIPIDS BIOLOGICAL MEMBRANES MAMMALIAN FUEL METABOLOSM: INTEGRATION AND REGULATION 

GLUCOSE CATABOLISM GLYCOGEN METABOLISM AND GLUCONEOGENESIS DNA REPLICATION REPAIR, AND RECOMBINATION 

PHOTOSYNTHESIS LIPID METABOLISM AMINO ACID METABOLISM 

NUCLEOTIDE METABOLISM NUCLEIC ACID STRUCTURE CITRIC ACID CYCLE 

TRANSLATION REGULATION OF GENE EXPRESSION ENZYME KINETICS, INHIBITION, AND REGULATION 

INTROCUCTION TO METABOLISM ELECTRON TRANSPORT AND OXIDATIVE PHOSPORYLATION PROTEINS: THREE-DIMENSIONAL STRUCTURE 

TRANSCRIPTION AND RNA PROCESSING  
 BIOLOGY   CONCEPTS & CONNECTIONS    (Second Edition)  (Richard M. Liebaert)   (CAMPBELL.MITCHELL.REECE) ــــــ

1. Introduction: The Sclentific Sindy of Life             3. The Life of the Cell                      5. Cellular Repoduction & Genetics             7. Concepls of Evolution   

2. The Evolution of Biological Diversity                              4. Animals: Form & Function               6. Plants: Form & Function                                 8. Ecology 

10.4 

2003 BLOOD   PRINCIPLES AND PRACTICE OF HEMATOLOGY    (SECOND EDITION)  (ROBERT I. HANDIN SAMUEL E. LUX THOMAS P. STOSSEL) 

 
Part I: Fundamentals of Hmatology: Tools of the trade        Part II: The Hematopoietic System                             Part III: Stem Cell Disorders          Part IV: White Blood Cells 

Part V: Hemostasis  Part VI: Red Blood Cells               Part VII: Systemic Disease                            Part VIII: Hematologic Therapies                     Part VIIII: Appendices 

11.4 

2003 BRS Cell Biology  CELL BIOLOGY AND HISTOLOGY   (4th edition)  (Leslie P. Gartner, James L. Hiatt, Judy M. Strum)   (LIPPINCOTT WILLIAMS & WILKINS) 

 :باشد  شامل عناوين زير ميCDاين 

Plasma Membrane Nucleus Cytoplasm Extracellular Matrix 
Connective Tissue Cartilage and Bone Muscle Nervous Tissue 
Circulatory System Lymphoid Tissue Endocrine System Skin 
The Urinary System Female Reproductive System Digestive System: Oral Cavity and Alimentary Tract Special Senses 
Epithelia and Glands Blood and Hemopoiesis Digestive System: Glands Comprehensive Exam  

12.4 

  Cellular & Molecular Neurobiology   (Second Edition) ــــــ
1- Lonotropic and Metabotropic Receptors in Synaptic Transmission and Sensory Transduction                                      3- Neurons: Excitable and Secretory Cells that Establish Synapses 
2- Somato-Dendritic Processing and Plasticity of Postsynaptic Potentials                                                                        4- Activity and Developmen of Networks: The Hippocampus as an Example 

13.4 

  Clinical Hematology  (A Victor Hoffbrand ,  John E Pettit)  (Mosby) ــــــ
Normal Hemopoiesis and     Blood Cells Leucocyte Abnormialities Hemostasis and Bleeding   Disorders Bone Marrow Transplantation Parasitic Infections Diagnosed    in Blood 

Anaemias Hematological Malignancies Coagulation Disorders Bone Marrow in  
Blood Transfusion Further Reading Acknowledgements Non-hemopoietic Disease   

14.4 

 Clinical Immunology 15.4 ــــــ
  COMMON PROBLEMS IN CLINICAL LABORATORY MANAGEMENT  (Judith A. O'brien, M.S. CLSup (NCA))  (Salekan E-Book) ــــــ

COMPLYING WITH CLIA '88 OVERCOMING OSHA'S OBST ACLES THE 
EXPOSURE CONTROL PLAN 

OVERCOMING OSHA'S OBSTACLES THE 
CHEMICAL HYGIENE PLAN 

TAMING TECHNOLOGY: LABORATORY INFORMATION SYSTEM (LIS) 

MEETING TUBERCULOSIS CONTROL 
REGULATIONS 

PROVIDING AND USING PERSONAL 
PROTECTIVE EQUIPMENT 

WRITING MANUALS: THE GENERAL 
OPERATING PROCEDURE MANUAL ( GOPM) 

RE-ENGINEERING FOR THE FUTURE: THE CORE LABORATORY, 
AUTOMATION, OUTREACH NETWORKING, AND THE MILLENNIUM BUG 

WRITING MANUALS: THE STANDARD 
OPERATING PROCEDURE MANUAL (SOPM) 

PASSING PROFICEINCY TEST FULFILING QUALITY CONTROL 
GUIDELINES 

GENERATING LABORATORY NUMBERS: STATISTICS LINEARITY, 
CALIBRATION, REFERENCE, AND CRITICAL VALUES: CALCULATIONS 

ESTABLISHING A QUALITY ASSURANCE 
PROGRAM 

SURVIVING INSPECTIONS AND ATTAINING 
ACCREDIANCE PURSUING PERSONNEL PERSPECTIVES MANAGING THE PHYSICIAN OFFICE LABORATORY (POL) 

ENCOURAGING EDUCATION 
THE ACQUISTION AND MAINTENANCE OF 
LABORATORY INSTRUMENTATION 

MASTERING FINANCES: BILLING AND 
CODING TAMING TECHNOLOGY: POINT OF CARE TESTING (POCT)  

16.4 
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 Concise Histology   (A data of multiple choice question in microscopic)  (Bloom & Fawcett's)   (Second Edition) 17.4 ــــــ
 Dianostic Hematology ــــــ

 This textbook, 'Diagnostic Hematology: A pattern approach', is accompanied by a CD-ROM with three knowledge-based systems applied to 237 case studies.  The 3 knowledge-based systems are:  
1. Professor Petrushka for peripheral blood analysis               2. Professor Fidelio for flow cytometry immunophenotyping          3. Professor Belmonte for bone marrow interpretation 

18.4 

 Discover Biology  19.4 ــــــ
2000 Electronic Atlas of Parasitology    (John T. Sullivan)     university of the Incarnate Word 20.4 
 EMBRYO (CD Color Atlas for Developmental Biology)  (Gary C. Schoenwolf) ــــــ

Chapter 1: Frog Embryos            Chapter 2:  Chick Embryos            Chapter 3: Pig Embryos            Chapter 4: Gametogenesis 

21.4 

 Essential Cell Biology  (with the voice of Julie Theriot designed and programmed by Christopher Thorpe) 22.4 ــــــ
2001 Fields Virology  (Forth Edition) (Volume 1) (Lippincott Williams & Wilkins) 

Section One: General Virology    Chapter 1-22             Section Two: Specific Virus Families  Chapter 23-90 

23.4 

 Functional HISTOLOGY   WHEATER'S   (FOURTH EDITION)  (BARBARA YOUNG, JOHN W. HEATH) (ALAN STEVENS JAMES S. LOWE) (PHILIP J. DEAKIN) 24.4 ــــــ
2000 Genetics   From Genes to Genomes (Ann Reynolds, Ph.D.)  (University of Washington) 

5- Gen RegVlation   ) كنترل اوپرون لاكتوز، سيگنال ترنسلاكشن و(...  3- Molecular Genetice 1- Transmission Genetics 

6- Poplations & Evolvtion ) ها و  يت و تكامل و فركاش الكلمباحث جمع(...  4- Chromosomes FISH )   نقشه ژنمباحث كاريوتايپ، تكنيك (  2- Gentral Dogma 

در پايان هـر  .  اجرا گردد Quick timeباشد كه تحت برنامة  مي...  كلرنينگ و ، هيپريداسيونDVA، الكتروفورز، موتاسيون و ترميم PCRميتوزو ميوز ،...مكانيسم رونويس، توجه :  عدد ويدئو كليپ بصورت انيميشن از مباحثي همچون ٢٧ شامل CDاين 
 .باشد  مي(In teractive)همچنين داراي تمرينات بصورت دو جانبه و فعال . داراي يك فصل مربوط به تعريف و ترشح لفات مشكل و تخصصي است. فصل خلاصة مباحث ارائه شده است

 .گيرد  موجود است مورد استفاده قرار ميCD كه در خود .Q.tو نصب برنامة ) Setup . exeبا دو بار كليك كردن بر روي ( لازم است بعد از نصب آن CD بكار رفته است و جهت استفاده از CDين هاي متنوع و زيبايي در ا آبشن

25.4 

   Gram Stain  TUTOR    (ANINTERACTIVE TUTORIAL THAT TEACHES THE MICROSCOPIC EXAMINATION OF URINARY SEDIMENT) ــــــ
(Brad Cookson, MD, PHD, Ajit Limaye, MD, Lydia Matheson, BA) 
1. Introduction         2. Morphology   3. Specimen Sites   4. Case Studies 5. Exam         6. Image Atlas 

26.4 

1999 HISTOLOGY EXPLORER  
 :كند ث مي در مورد موارد زير بحCDاين 

Microscope 3D Connective Tissue Proper Nervous Tissue The Digestive System The Reproductive System Glands The Endocrine Glands 
The Cell Blood and Bone Marrow The Circulatory System The Respiratory System The Mammary Giands Muscular Tissue The Ear 
Epithelium The Sketetal Tissues The Lymphoid Organs The Urinary System The Eye The Skin   

27.4 

 HUMAN HISTOLOGY CD-ROM  (Alan Stevens. James Lowe) 28.4 ــــــ
  Images of Disease  An image database for the teaching of Pathology  (Nick Hawkins, Mark Dziegielewski) ــــــ

 مـورد نظـر بـه توصـيف ماكروسـكوپي و ميكروسـكوپي ضـايعه                caseهاي بافتي ارگان درگير بيماري بصورت ماكروسكوپي و ميكروسكوپي با تصاوير رنگي واضح مورد بررسي قرار داده و ضمن ارائه شرح حال                          در رابطه با تك تك بيماريها نمونه       CDدر اين   
  .دهد كند و نمادهاي مختلف ميكروسكوبيك بيماريها را بصورت جداگانه مورد توجه قرار مي تياران پاتولوژي و پاتولوژيست دما در جهت تشخيص پاتولوژيك بيماريها كمك شايان مي بخصوص به دسCDپردازد، اين  مي

29.4 

2000 Immunology  (Blackwell Science) 30.4
2000 Interactive Color Atlas of Histology (Version 1.0)  (Leslie P. Gartner James L. Hiatt)  (LIPPINCOTT WILLIAMS & WILKINS) 31.4

 Interactive Embryology The Human Embryo Program  (Jay Lash Ph.D.) 32.4

2000 Laboratory Medicine: URINALYSIS  (Chemical and microscopic examination of urine Atlas of Microscopic Analysis Procedures for Urinalsis)  (Pesce Kaplan Pubishers Inc.) 
 

33.4 
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Method write-up for 15 chemical urinalysis procedures Complete Specimen collection section Extensive atlas of microscopic analysis: over 50 microphotographs of 
urine sediment, including cells, casts, and artifacts 

Interpretation of urine findings in common renal and 
lower urinary tract diseases Tables reviewing results of chemical urinalyses  

 
2000 Media Supplement for  Biochemistry  (FOURH EDITION)   (Roy Tasker Carl Rhodes) 

1. Reaction mechanisms        2. Metabolic Pathways          3. Membrane Processes          4. Protein Synthesis         5. Molecular Representations 
34.4 

 Microbes in Motion III (Dr. Gloria Delisle and Dr. Lewis Tomalty Queen's University) ــــــ
 :باشد  كتاب الكترونيكي به شرح ذيل مي١٨ داراي يك كتابخانه شامل CDاين 

 پاتوژنز وبهاعملكرد ضد ميكر هوازي محيطي ميكروبهاي بي هاي كنترل و مهار رشد باكتريها   راهها و روش شناسي ويروس
 متابوليسم ميكروبي ايمونولوژي ميكروبيولوژي محيطي شناسي انگل اپيدوميولوژي
 شناسي قارچ مقاومت ضد ميكروبي باكتريهاي گرم منفي   ...) ،  ترانسپوزورها و  DNAبيوتكنولوژي، ساختار(ژنتيك  باكتريولوژي

    Miscellaneous باكتريهاي گرم مثبت    ها واكسن

35.4 

2002 MICROBIOLOGY AND IMMUNOLOGY  (KEN S. ROSENTHAL)  (Mosby) 
1. TUTORIAL:   I. Topics        II. Systems         III. Random                                          2. TEST 

36.4 

 MICROBIOLOGY AND MICROBIAL INFECTIONS   (Topley & Wilson's)  (Albert Balows, Max sussman)    (NINTH EDITION) 37.4 ــــــ
1999 MODERN GENETIC ANALYSIS  (Anthony J. F. Griffiths, William M. Gelbart, Jffrey H. Miller, Richard C. Lewontin) 

 : باشد  شامل عناوين زير ميCDاين 
Introduction System Requirements Getting Started      Reference Freeman Genetics Web Site 

38.4 

2000 MOLECULAR CELL BIOLOGY 4.0  (Paul Matusdaru, Amold Berk, S. lawence Zipufsky, David Baltimore, James Damell, Harey lodish) 39.4 
2002 NCCL INFOBASE   Serving the World's Medical Science Community Through Voluntary Consensus 40.4 
    PATHOLOGIC BASIS OF DISESE  Interactive Case Study Companion to ROBBIMS    (W. B. Saunders Company) (Sixth Edition) ــــــ

Inflammation and Repair Fluid and Hemodynamic Disorders Genetic Disorders Diseases of Immunity Neoplasia Systemic Pathology 
Infectious Disease Cardiovascular Diseases Hematopatholory Disorders Gastrointestinal Diseases Diseases of Liver, Galbladder, and Pancreas Diseases of Kidney 
Genitouinary, Breast, and Pregnancy Disorders Endocrine Diseases Skeletal Disorders Neuropathology    

41.4 

 PATHOLOGY  (Alan Stevens. James Lowe) 42.4 ــــــ
 Peripheral Blood  TUTOR    (ANINTERACTIVE TUTORIAL THAT TEACHES THE MICROSCOPIC EXAMINATION OF URINARY SEDIMENT) ــــــ

 : شامل مباحث زير استCDاين 
Introduction 

 
Overview, Smear Preparation 

Stain Procedure, Smear 
Evaluation 

Cell Morphologies 
 

Cell Structure, Read Blood 
Cells, White Blood Cells, 
Platelets, Artifacts, Quiz 

Disease Associations 
 

Red Blood Cells, White 
Blood Cells, Neoplastic 

Disorder 

Atlas 
 

Cell Morphology 
Disease Association 

Final Exam 

 

43.4 

2000 PRINCIPLES OF Molecular Virology   (THIRD EDITION) 
• Contents 

Introduciton Particles Genomes Replication Expression Infection Pathogenesis Novel Infectious Agents 

• Appendices 

Glossary, Abbreviations and Pronounciations Classification of Sub-Cellular Infections Agents The History of Virology  

44.4 

2002 RAPID REVIEW  HISTOLOGY AND CELL BIOLOGY  (E. ROBERT BURNS, M. DONALD CAVE)  (MOSBY) 45.4 
 Samter's Immunologic Diseases  (SIXTH EDITION) (K. Frank Austen, M.D, Michael M. Frank, M.D., John P. Atkinson, M.D., Harvey Cantor, M.D.) ــــ

 

 :باشد كه عبارتند از  قسمت اصلي است كه هر قسمت داراي چندين فصل مي١٠اين برنامه داراي .  شود  اجرا ميFlash و Internet explorer بصورت يك كتاب الكترونيكي است كه تحت برنامة CDاين 
46.4 
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  بيماريهاي سيستميك-  بيماريهاي ازدياد و تكثير سلولهاي ايمني-  بيماري نقص ايمني اوليه- يمني در ايمني ذاتي و اكتسابيهاي مؤثر ا  مكانيزم- )ايمني ذاتي و اكتسابي( تشخيص و شناسايي -
  ايمني شناسي درماني-  پيوند اعضاء-  سيستم ايمني فعال و  غير مؤثر-  بيماريهاي آلرژيكي-  بيماريهاي اختصاصي اندام-

قدرت بزرگنمايي تصاوير و نمايش منـابع  . ها و لغات تخصصي و چاپ متون كتاب را دارد توانايي جستجو واژه. گذارد هاي مربوطه را به نمايش مي واره باشد كه جداول و طرح  تصاوير مربوط به هر فصل و هر موضوع مي         داراي يك كتابخانه از    CDاين  
 .باشد هر قسمت از كتاب از ويژگيهاي اين برنامه مي

1999 The American Society of Hematology  (41st Annual Meeting and Exposition) 47.4 
   The Cell 1.0  A Molecular Approach   (Many Animations, Movies, Photos, and drawn images) (Geoffrey M. Cooper) ــــــ

 :باشد  شامل مباحث زير ميCDاين 
Cell Overview Humman Genetic Diseases Floww of Information The Nucleus The Cell Cycle Protein Sorting and Transport 
Organelles & Energy Metabolism The Cytoskeleto The Plasma Membrane The Extracellular Machine Cancer-A Family od Diseases The Meiotic Divisions  

48.4 

2003 THE HUMAN GENOME PROJECT   49.4 
____ The Metabolic and Molecular Bases of  Inherited Disease 

General Themes, Amino Acids, Prophyrins and Heme, Hormones: Synthesis and Action, Defense and Immune Mechanisms, Skin, Cancer and Genetics, Organic Acids, Metals, Vitamins, Connective Tissues, 
Intesine, Chromosomes and Autosomes, Peroxisomes, Blood and Blood Forming Tissue, Muscle, Neurogenetics, Carbohydrates, Lipoprotein and Lipid Metabolism disorders, Lysosomal Transport, Eye, 
Signiflcant Developments in Progress, Cancer and NEW Geneticx Update 

50.4 

2000 UNDERSTAND! Biochemistry  (3/e Version)   (Lehninger Principles of Biochemistry) 
1. THE BACKGROUND 4. BIOENERGETICS 7. CELLULAR ARCHITECTURE AND TRAFFIC 
2. THE MOLECULES OF LIFE 5. BIOSYNTHESIS 8. THE DIVIDING CELL 
3. PROTEINS IN ACTION 6. NUCLEIC ACIDS AND THEIR EXPRESSION 9. SOME IMPORTANT TECHNIQUES  

51.4 

1999 UNDERSTAND! Biochemistry  (VERSION 1.0)   

 :باشد  شامل عناوين زير ميCDاين 
-  QUIZE                      - INDEX               - Web links          -Minicourses: 

52.4 

 UNDERSTAND! Biology: Biochemistry  (Molecules, Cell & Genes) ــــــ
CDباشد  فوق، مشتمل بر مباحث زير مي: 

Basic Chemistry Macromolecular assembly and modification Bioenegetics Signal transduction Enzymology The flow of genetic information Metabolism Molecular biology techniques  

53.4 

 Urinalysis TUTOR    (ANINTERACTIVE TUTORIAL THAT TEACHES THE MICROSCOPIC EXAMINATION OF URINARY SEDIMENT)  (Caria M. Phillips, MLM, MT(ASCP),      Paul J. Henderson, MS, MT(ASCP), Claudia Bein, BS, MT(ASCP)) ــــــ

 .دهد هاي ادراري را آموزش مي ش آزمايشات ميكروسكوپي نمونه فصل رو٥ در interactiveاين برنامه بصورت 
 )سندرم نفروتيك، فيلونفريت، عفونت لولة ادراري. سندرم گلومرولونفريت(بيماريها . ٥   ) ها بررسي سلولهاي موجود در ادرار، كريستالها، ارگانيزمها، آرتيفكت(ساختار و ماهيت رسوبات ادرار .  ٣)      هاي ميكروسكوپي عملكرد كليه، تفسير و ارزيابي نتايج، مكانيسم عملكرد ميكروسكوپي و نمونه(مقدمه .  ١
 ).گيرد مورد سؤال قرار ميباشد كه  هر سؤال به شكل نمايش يك تصوير مي. اي ارائه شده است بصورت چند گزينهاز هر بخش، سؤالاتي . باشد  ميB و Aشامل دوسري امتحان (امتحان پاياني . ٤)           آيد تصاوير فصل دوم اين كتاب الكترونيكي در اين قسمت بصورت مجزا به نمايش درمي(فهرست تصاوير . ٢

54.4 

 
  قلب-٥

 CDعنوان  سال انتشار
2002 A Slide Atlas of ATHEROSCLEROSIS   Progression and Regression   (Herbert C. Stary, MD)    

افزار به  مطالعه اين نرم. صي مراحل مختلف پيشرفت و پسرفت بيماري آترواسكلروزيس در سنين مختلف و قلب و عروق مختلف بدن را با تصاوير ميكروسكوپي و الكتروني به زيبايي به تصوير كشيده است اسلايد تخص٩٤افزار با  اين نرم
 .شود متخصصين پاتولوژي و قلب و عروق توصيه مي

2.4 

    A visible improvement in angina treatment   (VCD) ــــــ
Post-EECP stress perfusion image, Markedly improved anterior, septal, and inferior wall perfusion. 

1.5 
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2000 ACCSAP  (Adult Clinical Cardiology Self-Assessment Program)   (C. Richard Donti, MD, Richard P. Lewis, MD)   (AMERICAN COLLEGE of CARDIOLOGY) 2.5 
2004 Acute Heart Failure    (THE CLEVELAND CLINIC FOUNDATION)    (W. Frank Peacock, MD)   (The Emergency Department and the Economics of Care) 3.5 
2002 American Heart Associations fighting Heart Disease and Stroke Abstracts from Scientific Sessions    (Augustus O. Grant, Raymond J. Gibbons) 

 :كند شامل  بحث ميCDمباحثي كه اين 
-Basic Science        -Clinical Science         -Population Science 

4.5 

 Atlas of Transesophageal Echocardiography    (Navin C. Nanda, MD, Michael J. Domanski)    (Williams & Wilkins) ــــــ
1. Normal Anatomy                          3. Mitral Valve                           5. Aortic Valve and Aorta           7. Tricuspid and Pulmonary Valves 
2. Prosthetic Valves and Rings          4. Ischemic Heart Disease          6. Cardiomyopathy                    8. Congenital Heart Disease 

5.5 

  BEYOND HEART SOUNDS   The Interactive Cardic Exam   (John Michael Criley, MD)   (VOL 1) ــــــ
Introduction to anscultation   Hemodynamics tutorial The cardiac cycle Pulse Tutorial 
Frontal Chest Anatomy 
The Cardinal areas of anscultation 
Using the stethoscope 

Mitral and aortic valve flow 
Hemodynamic changes in disease 
Mitral Stenosis 
Aortic stenosis 

Introduction 
Carotid Pulses 
Jugular Venous Pulses 

 

6.5 

2000 Cardiac Catheterization, Angiography, and Intervention   (SIXTH EDITION)   (LIPPINCOTT WILLIAMS & WILKINS) 
 

 .باشد  دقيقه فيلم بوده و كليه تصاوير به صورت رنگي مي٣٥ و  Grossmam's Cadiac Cathetrization.......   ششم كتاب edition  الكترونيكي شامل  CDاين
 .باشد  مي  Procerdue- related Findinigهاي قلبي و نرمال همراه با  بيماريCase50وجه مشخصه اين كتاب الكترونيكي فيلم ويدئويي شامل 

 .باشد  فصل مي٨اين كتاب الكترونيكي شامل 
      ....)قلب و مقاومت عروق و   output وblood flowگيري   اندازه-گيري فشار اندازه( موارد هموديناميك -٣)    كاتترازيسون تشخيصي در كودكان و نوزادان-Basic ) Percutaneous approuch – Brachiel Cutdownهاي  تكنيك-٢    ملاحظات كلي كاتتريزاسيون-١
 ...)ها و   دياستولي و سيستولي بطني، وظيفهEjection Fractionها  گيري حجم بطن  طي كاتترازيسيون قلبي اندازهTestاسترس ( ارزيابي فانكشنال قلبي -٥)   آنژيوگرافي آئورت و شريانهاي محيطي- آنژيوگرافي وپولمونري– ونتريكولوگرافي قلبي –آنژيوكرونري ( هاي آنژيوگرافي   تكنيك-٤
٦-  Techniquse  Special Catheter) : قرار دادن - اولتراسونوگرافي داخل عروقي-اكوكارديال بيوپسي  deivce  هـا      براي درمـان آريتيمـي- intrathoracic balloon Counter Pulsation آنتژيوپلاسـتي عـروق   (اي  هـاي مداخلـه    تكنيـك -٧...)    و

 –اي قلـب   هـاي دريچـه   طـرز شناسـايي و كاتتريزاسـيون و آنژيـوگرافي  بيمـاري            :  ( در اخـتلالات اختصاصـي     Profile -٨)    مداخله در عروق محيطي و عروق كودكان       –گذاري عروق كرونر    Stent- آتروكتومي عروق كرونري و ترومبكتومي       -نريكرو
 :هاي ويدئويي شامل آنژيوگرافي كاتتريزاسيون و اقدامات درماني  فيلم  ...)   بيماري امبولي ريه و -هاي شرائين كرونري بيماري

   اختلالات ونتريكولوگرافي بطن چپ        - غير آتروسكروتيك                            CAD  آنوماليها و -                          Basic كاتتريزاسيون -
 .باشد مي....)  و Rotabalatorگذاري و والوپلاستي   بالون- عوارض- گذاريStent( مداخلات درماني شامل -            اختلالات آئورت و عروق محيطي-

7.5 

2004 Cardiovascular Surgery    (VCD)  (CD I, II, III) 
Excerpted from "Medical & Surgical Controversies in CV disease: The Aorta and Peripheral Vessels" 
Course Directors: Thoralf M. Sundt III, MD and Peter C. Spittell, MD 

8.5 

2004 Carotid Artery Stenting  (Current Practice and Techniques)   (Nadim Al-Mubarak, Gary S. Roubin, Sriram S. Layer, Jiri J. Vitek) 9.5 

CathSAP Cardiac Catheterization and Interventional Cardiology Self-Assessment Program (Carl J. Pepine, MD, Steven E. Nissen, MD) 10.5 ــــــ

2003 Challenging established treatment patterns in chronic heart failure   A Satellite Symposium held during the ESC Heart Failure meeting  11.5 
2003 Clinical TRANSESOPHAGEAL ECHOCARDIOGRAPHY  (A PROBLEM- ORIENTED APPROACH)  (Second Edition)   (Steven N. Konstadt) 12.5 
2001 Clinical Utility of Contrast Echocardiography 

Sonovue: An ideal contrast agent for Low MI myocardial Perfusion   (Dr. Daniela Bokor, Bracco sa, Milano) 
What's new in cardic echography   (Dr. Luciano Agati,   University "La Sapienza Roma" 
Ischemic coronary artery disease   (Dr. Harld Becher, John Radcliffe Hospital, Oxford) 

13.5 
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 Congestive Heart Failure   (NOVARTIS)  (CD I , II) ــــــ
كند و بيمار    ابتدا پزشك سؤالاتي از بيمار ميCase report  در .باشد ، فيلم ويدئويي و فايل صوتي ميCase reportهاي رنگي،   شامل عكسCDاين .    باشد  ميFrank .H.Netterمؤلف كتاب . باشد  در مورد قلب ميCiba  شامل كتاب الكترونيكيCDاين دو 

 .باشد  ميCHF و تشخيص افتراقي بيماري multiple choice testاين كتاب شامل  .     سپس معاينه فيزيكي بيمار توسط فيلم نشان داده شده است.توان به دست آورد ها را مي ردن بر روي دكمهاطلاعات بيشتر توسط  كاربر با كليك ك. دهد به سوالات جواب مي
 .باشد  ميCHF و درمان managementتشخيص، . ٤          CHFپاتوفيزيولوژي . ٣         CHF ياتيولوژي و تعريف بيمار. ٢عملكرد نرمال قلب و سيستم عروقي       . ١:    فصول كتاب شامل 

14.5 

 Coronary Heart Disease (J. Hurley Myers, Ph.D., Frank H. Netter, M.D.) ــــــ
  آموزش باليني و بيماري -٢ آموزش پزشكي     -١ :باشد اين برنامه شامل دو بخش مي

  تشخيص و مديريت درمان-٤ انفاركتوس ميوكارد        -٣ آترواسكلروزيس     -٢ آناتومي عروق كرونري     -١ :بخش اول شامل
 .صي خود را اضافه و ذخيره نمايدتواند يادداشت شخ در هر يك از اين موضوعات، كاربر مي. شود باشد كه بصورت تصاوير همراه با توضيحات متني نمايش داده مي هر يك از چهارفصل فوق داراي چندين زيرفصل مي

 آنژيوپلاستي و -٩ دارو درماني -٨ روشهاي تشخيصي -٧ انفاركتوس ميوكارد -٦ آنژين صدري -٥ پيگيري از بيماري انسداد عروق كرونر -٤ چگونگي انسداد سرخرگهاي اكليلي -٣ عروق خوني قلب -٢ مقدمه -١مباحث ارائه شده شامل : در بخش دوم
 .توضيح داده شده است) با پخش صدا(هر قسمت از عناوين فوق توسط گوينده )          باشد اين بخش داراي فيلمهاي كوتاه از آنژيوگرافي قلب مي(عمل جراحي 

15.5 

2005 Drugs for the Heart  (Sixth Edition)   (Salekan E-Book)  (Lionel H. Opie, Bernard J. Gersh) 16.5 

Dynamic Practical Electrodiography  (Lippincott Williams & Wilkins) 17.5 ــــــ

ECG  (Jay W. Mason, MD) 18.5 ــــــ

  ECG DIAGNOSIS MADE EASY   ROMEO VEGHT ــــــ
 فصل اين كتاب شامل مـوارد  ٩. توانايي جستجوي نمودارهاي و چاپ و ذخيرة آنها نيز وجود دارد.  گوناگون استECG عدد نمودار ٣٥٠داراي . شود  اجرا ميInternet explorer فصل است و تحت برنامة  ٩اين برنامه بصورت يك كتاب الكترونيكي مشتمل بر 

 :زير است
1. Basic Priciples نرمال، موقعيت الكترودها، دپولاريزاسيون عضله ، هدايت جريان الكتريكي(          3.  ECG و نحوة ضبط   (....  Ischaemic (Coronary) heart disease             5. Conductin impairment            7. Rhythm disturbances               
2. Hypertrophy         6. Chardiomyopathies and autoimmune disorders                          4.  Pericarditis, myocarditis and metabolic disorders                           6. Pacemakers, ICDs and cardioversion  Mixed ECG quizzes  ابتدا :   طريقة  نصبCD را درون درايو قرار داده و سپس وارد my computerبعد وارد درايو .  شويم  ميCD شده و از آنجا وارد شاخه Setup فايل .  شويم  ميSetupسپس . كنيم  را اجرا ميNextشود در صورت توافـق   زنيم  مسير نصب پرسيده مي  را مي

Nextشود در پايان  زنيم  برنامه نصب مي  را ميFinishدهيم  را فشار مي. 

19.5

 ECG-SAP III   (Jay W. Mason, MD, FACC) ــــــ
-Using ECG-SAP III     -Standard Tracings     -Syndromes     -Computer Overreads    -Serial Tracings     -Stress Testing     -ECG of the Month    -Guidelines     -Utilities 

20.5

 Echo Lecture  (VIDEO SERIES)   (7CD)   (Mayo) ــــــ
 

 :باشد شرح عناوين آن به صورت زير است  به صورت فيلم ميCD سري ٧اين مجموعه كه شامل 
1. TEE in the Operating Room   (Bijoy K. Khandheria, MD) 

Intraoperative echocardiography has become an essential component to the surgical approach to valvular disease. Dr. Bijoy Khandheria discusses the utility of intraoperative echocardiography and its 
impact on the surgical management of cardiovascular disease. 

2. TEE in Adult Congenital Heart Disease  (James B. Seward, M.D.) 
Dr. James Seward Presents Adult Congenital Heart Disease. A generation of Children Have Grown into adulthood and Present with postoperative congenital heart disease. Transesophageal 
echocardiography is extremely helpful but may not always be necessary in the assessment of adult congenital heart disease. Learn from the expert regarding appropriate use of transesophageal 
echocardiography and assessment of residua and sequela of adult congenital heart disease. 

3. Understanding Operative Procedures for Patients with Univentricular Heart from Palliation to Fontan  (James B. Seward, M.D.) 
Dr. Seward gives a detailed overview of complex anomalies and their applicable corrections. Topics included are Blalock, Mustard, Glen and Fontan corrections. Graphic depictions of each corrective 
procedure, possible complications and echocardiographic example are included. 

4. Mitral Valve Regurgitation: Essential Measurements. Pitfalls and Limitations.  (Fletcher A. Miller, Jr., MD) 
Dr. Fletcher Miller discusses and presents the current approach to the quantitative evaluation of mitral valve regurgitation. This is an excellent review of current quantitative assessment of mitral valve 
regurgitation including pitfalls and limitations. 

5. Mitral Vale Regurgitation: Evidence-Based Practice  (A. Jamil Tajik, MD) 
A Classic presentation by Dr. A. Jamil Tajik on a change in clinical practice with regard to the quantitation of regurgitation and then a change in medical management with early surgery and repair of the mitral valve. 

21.5
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6. Evaluating the Patient with Prothetic Valve (Fletcher A. Miller, Jr., MD) 
Dr. Fletcher Miller, an expert on the echocardiographic assessment of prosthetic valves, presents a detailed in-depth review of the quantitative echo Doppler approach to the prosthetic valve. It is 
important to understand the hemodynamic pitfalls and limitations of the echocardiographic assessment of cardiac prosthetic valves. 

7. Stress Echocardiography and Contrast  (Patricia A. Pellikka, M.D.) 
Stress Echocardiography and Contrast  Using illustrative cases, Dr. Pellikka gives an expert presentation and discussion on the role of contrast in stress echocardiography. Pitfalls and limitations of contrast stress 
echocardiography are also discussed. New Horizons in Stress Echocardiography Dr. Pellikka, an expert in Stress echocardiography, discusses Dobutamine stress echocardiography and its role in preoperative risk 
stratification. Also discussed are new advances in stress echocardiography such as color kinesis and acoustic quantification, color Doppler imaging, and strain and strain rate imaging. 

 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (UPDATE NO. 1)  (TRANSESOPHAGEAL- ECHOCARDIOGRAPHY) 22.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 1) (VCD)   (ECHOCARDIOGRAPHY Normal 2-D And M-MODE EXAM)) 23.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 10) (VCD)   (CARDIAC MASSES) 24.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 11-A,B) (VCD  CD I, ii)   (ECHOCARDIOGRAPHIC ASSESSMENT OF PROSTHETIC HEART VALVES) 25.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 12) (VCD)   (INTERVENTIONAL ECHOCARDIOGRAPHY) 26.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 2) (VCD)   (DOPPLER AND COLOR FLOW IMAGING: PHYSICS, INSTRUMENTATIONS AND THE NORMAL EXAM) 27.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 4) (VCD)   (ECHOCARDIOGRAPHY IN AORTIC VAL VE DISEASE) 28.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 5) (VCD)   (ECHOCARDIOGRAPHY IN CORONARY HEART DISEASE) 29.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 6) (VCD)   (ECHOCARDIOGRAPHY IN CONGENITAL HEART DISEASE IN THE ADULT) 30.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 7) (VCD)   (ECHOCARDIOGRAPHY IN CARDIOMYOPATHIES: DILATED, RESTRICTIVE AND HYPERTROPHIC) 31.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 8) (VCD)   (ECHOCARDIOGRAPHY IN PERICARDIAL DISEASE) 32.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME 9)  (VCD)   (ECHOCARDIOGRAPHY IN TRICUSPID AND PULMONIC VALVE DISEASE AND DESEASES OF THE AORTA) 33.5 ــــــ
 ECHOCARDIOGRAPHY   2-D/DOPPLER WITH COLOR FLOW IMAGING  (VOLUME3) (VCD)   (ECHOCARDIOGRAPHY IN MITRAL VALVE DISEASE) 34.5 ــــــ
2000 EchoSAP III (Echocardiography Self-Assessment Program)(Echocardiography Overview: Technique and Applications)   (Volume 1)  

(Jemes D. Thomas, MD, Ellen Mayer-Sabik, MD) 

-Introduction and Overview     -Examinations     -Applications     -Self-Assessment Questions     -Evidence-Based Medicine     -Conclusions 

35.5 

 EECP: Current Experience and Future Directions   36.5 ــــــ
2004 Electronic Image Collection of Comprehensive Vascular and Endovascular Surgery  (John W. Hallet, Joseph L. Mills, Jonothan J. Eamsbaw, Jim A Reekers) 

1. Background                    3. claudication                     5. Chronic Lower Extremity Ischemia           7. Acute Limb Ischemia            9. Upper Extremity Problems  
2. Mesenteric Syndromes   4. Renovascular disease       6. Aneurysmal Disease                                 8. Cerebrovascular Disease      10. Venous Disease 

37.5 

 ENDOVASCULAR TECHNIQUES (Abdominal Aortic Aneurysms) (Workshop) (l. Flessenkämper)   (15th Endovascular Symposium Berlin) 38.5 ــــــ
2004 ESC Congress  39.5 
2002 EVOLVING ISSUES IN THE MANAGEMENT CHD   (National Lipid Education Council TM)  

 
SECTION 1 SECTION II SECTION III SECTION IV SECTION V 

Emerging Evidence-Based Data From Clinical Trials 
NON-HDL-Case Secondary Targert of Therapy 
What is it's Role in clinical practice? 
Case Study: NON-HDL-C 

PAD Lipids and Risk 
Lipid Management Though combination Therapy 
Case Study:Combination Therapy 

Inflammatory Markers: Anovel Approach 
Case Study: Novel Risk Markers 

Use of Genomics to discover new targets for therapy 
Examining the nonlipid effects of statins 

Case study: Diabetes 

 

40.5 

 HEART DISEASE  (FIFTH EDITION)    A Textbook of Cardiovascular Medicine   (W.B. SAUNDERS COMPANY) ــــــ
 . كتاب مجزا تشكيل شده است٤از ) (e-bookدر واقع اين كتاب الكترونيكي 

 ١- (Braunwald)  Heart Disease         ٢- (chien) Molecular Basis of Heart Disase           ٣-  Clinical Trials in Cardiovascular Disease)  (Hennekens          ٤- (Mendelsohn) Reviwe and Assessment Book  

41.5 
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هاي قلب و  هاي رشته بخصوص براي متخصصين و رزيدنت) جستجو (Search قابليت CDخصوصيت منحصر به فرد اين . باشد  سوال و جواب مي٧٠٦اي با جواب تشريحي و رفرانس كتاب آورده شده كه مشتمل بر  در آخر هر فصل سوالات چند گزينه
همگي ) (e-bookشكل و نمودارهاي اين . يدتواند در امتحانات ارتقاء و بورد و امتحانات درون بخشي كمك قابل توجهي نما  ميCD سريع و وسيع اين Searchچنين قابليت  هم. نمايد باشد كه در پيدا كردن موضوعي يا حتي كلمات كمك شاياني مي داخلي مي

 . شودCCUهاي قلب و  ها و كاركنا ن بخش ها مورد استفاده اساتيد و رزيدنت clubتواند براي تدريس و يا كنفرانس و   رنگي است و مي
 HEART SOUNDS 42.5 ــــــ

2003 HEART SOUNDS  Basic Cardiac Auscultation  Version 3.0  (Leonard Werner, M.D., Brian Pitts, David Gilsdorf) 43.5 

2003 Heart Sounds Basic Cardiac Auscultation CD-ROM to Accompany   (M.D., F.A/C.P., Brian Pitts, M.D., David Gilsdorf) (Lippincott Williams & Wilkins) 44.5 
2004 Highlights   ESC Congress   45.5 

 HURST'S  THE HEART  (R. Wayne Alexander, Robert C. Schlant, Valentin Fuster) ــــــ
 

 . داردCDها و نمودارهاي كتاب و هم چنين فصلي ديگر براي صداهاي قلبي به صورت فايل صوتي  فصل، فصلي جداگانه براي شكل١٦ مشتمل بر Hurst كتاب  Text باشد كه علاوه بر    نهم مي Editionكتاب الكترونيكي حاضر
 .، استفاده كرد)هاي تمام رنگي آن بخصوص استفاده از شكل(توان براي تدريس   علاوه بر استفاده شخصي ميCDاز اين .    مربوط به هر فصل همرا با جواب گنجانده شده است اي هاي چند گزينه  تستCDخرايندر آ

46.5 

Interactive Atlas of  Transesophageal Color Doppler Echocardiography  (Raffaele De Simone) 47.5 ــــــ

 Interactive Atlas of Transesophageal Color Doppler Echocardiography   (Raffaele De Simone) 48.5 ــــــ

Interactive Echocardiography: A Clinical Atlas (Th. Binder, M.D., G. Rehak,G. Porenta. M.D., Ph.D., M. Zengeneh, M.D., G. Maurer, M.D., H. Baumgartner, M.D.)     University of Vienna, Austria 49.5 ــــــ

2003 Interventional Cardiology Clinical Resource  (Disc 1 & 2)  (Evidence . Analysis . Recommendations . Consensus Reports) 50.5 

2002 
Intra-Aortic Balloon Catheter  Insertion and Removal Technique       (ARROW) 

 INTRODUCTION     2. LAB SELECTION      3. LAB PREPARATION    4. LAB INSERTION     5. LAB CATHETER   PREPARATION     6. LAB CATHETER INSERTION     7. LAB REMOVAL .1:  شاملCDعناوين اين 
51.5 

2004 Manual of Cardiovascular Medicine  (Second Edition)   (Brian P. Griffin, Eric J. Topol) 52.5 

 Mastering Auscultation  An Audio Tour to Cardiac Diagnosis  Clinical Findings Diagnosis Treatment Tutorial Text Reference (Dr. Anthony Don Michael's) 53.5 ــــــ

  MVP Video Journal of Cardilogy    (Maria-Teresa Olivari, M.D., Antonio M. Gotto, M.D., D. Phill.) ــــــ
ايـن  .  اسـت ، يك موضوع به شكل مصاحبة علمي با يك متخصص به همراه نمـايش اسـلايد و نمـودار بحـث شـده      در هر قسمت.  دقيقه در سه قسمت مجزا ارائه شده است٤٥مدت  به) VCDدر قالب (صورت يك فيلم آموزشي   باشد كه به       مي MVPهاي آموزشي   CDاين برنامه از سري     

 :موضوعات به شرح زير است
1-Determination of Rejection in the Cardiac transplant Recipient         Maria-Teresa Olivari      دكتر:  مصاحبه شونده  

 .ديگر روشهاي غيرتهاجمي همراه با نمايش اسلايد توضيح داده شده استو ) آنتي ميوزين(، روشهاي ايمونولوژيكي  MRIپيگيري و تشخيص رد پيوند قلب به كمك اكوكارديوگرافي، اكوداپلر، 
2- Triglycerides, HDL and coronary Heat Disease           Antonio Gotto      دكتر:   مصاحبه شونده  

 .روشهاي دارودرماني، و رعايت اصول بهداشتي در زمينة عارضة عروق كرونري ارائه شده استبيماري ديابت و . كلية ريسك فاكتورها و عوامل مؤثر بر آنها در عارضة رگهاي كرونري قلب بحث شده است
3- Management of Cardiac Disease in Pregnancy            Carl E. Orringer     دكتر: مصاحبه شونده  

، درمان دارويي بيماران قلبي باردار، كارديوميوپاتي در بارداري، افزايش  ... و   MRI  تنفسي، سمع قلب در بيماران قلبي باردار، تشخيص به كمك اكوكارديوگرافي داپلر،               -، علائم قلبي    ...)لبي و   اي، ايست ق    ده قلبي ، حجم ضربه      برون(در اين بخش، فيزيولوژي قلب در زمان بارداري         
 .همراه با نمايش اسلايد و نمودار بحث و بررسي شده است... فشار خون در بارداري و 

54.5 

 MVP Video Journal of Cardiology  (Anthony C. Pearson, M.D., Charles B. Higgins, M.D., William W. O'Neill, M.D.)   (VCD) ــــــ
 : اين موضوعات به شرح زير است. ي با يك متخصص به همراه نمايش اسلايه و فيلم و نمودار بحث و بررسي شده استدر هر قسمت يك موضوع به شكل مصاحبة علم. اند  دقيقه در سه قسمت ارائه شده40باشد كه به مدت   مي MVPهاي آموزشي  CDاين برنامه از سري 

1- The stately Art of MR in Cardiovascuvlar Disease            Charles  P. Higgins  دكتر : مصاحبه شونده   

 . بحث شده است....  و MRI  در بيماريهاي قلبي عروقي به همراه نمايش اسلايد و تصاوير MRIبرداري در كارديولوژي، كاربرد هاي متعدد تصوير ، روش MRI    در اين بخش، تاريخچة 
2. Arguing for Angioplasy in Acute Myocardial infction        William w. ONeill  دكتر  : مصاحبه شونده  

  ، انديكاسيون انژيوپلاستي ، برآورد ديسك آنژيوپلاستي و به كمك نمايش اسلايد و فيلم Lone PTCAتاريخچه انژيوپلاستي، روش درماني 

55.5 
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3- Improved understanding of cardioembolic Stroke prorided by Transesophageal Echoecardiography        Anthony C.  Pearson    : دكتر:  مصاحبه شونده  
 . مختلف بحث و بررسي شده استCase از چندين TEE، به همراه نمايش و توضيح اكوكارديوگرام TEE و  TEE، مقايسه روش TEE اريخچه تكنيك ها، ت تاريخچة درمان آمپولي

 MVP VIDEO JOURNAL OF CARDIOTHORACIC SURGERY (VIDEO SEGMENT I & II) Thromboexclusion for Treatment of Descending Aortic Dissection (John A. Elefteriades, MD) 56.5 ــــــ
2003 Perioperative Transesophageal Echocardiography   (Patricia M. Applegate, Richard L. Applegate, I) 

 
1. Basics of Echocardiography     2. Clinical TEE Examination     3. Clinical Uses of Perioperative TEE    4. Unknowns    5. Perioperative 

57.5 

2003 Perioperative Transesophageal Echocardiography   (Patricia M. Applegate, M.D., Richard L. Applegate, II) 58.5 

 PLUMER'S PRINCIPLES & PRACTICE OF   INTERAVENOUS THERAPY  (SEVEN EDITION)  (Sharon M. Weinstein) 59.5 ــــــ
2003  Practical Perioperative Transoesophageal Echocardiography  Introduction, instructions and acknowledgements  (David Sidebotham, John Faris, Alan Merry, Andrew Kerr) 60.5 

2002 TEE   An Intractive Exam Review on CD-ROM  (CD I , II)   (Lippincott Williams & Wilkins) 61.5 

 TEXTBOOK OF CARDIOVASCULAR MEDICINE  (2nd Edition)   (ERIC J. TOPOL) ــــــ
 

CDهاي الكترونيكي است كه علاوه بر   حاضر يكي از بهترين كتابText اين .باشد هاي قلب مي هاي  صوتي در مورد بيماري هاي فيلم ، عكس و فايل  داراي قابليت CD شامل كتاب دو جلـدي Text book of Cardiovascular Medicine    اسـت كـه 
 و  ECG,M.Sهاي صوتي، صداي        و فايل ...) اكو(ها    هاي رنگي در ضايعه، تصويربرداري      چه ميترال در بخش مربوطه علاوه بر متن عكس        به عنوان مثال در مورد تنگي دري       (.وجود صدها عكس و كليپ ويدئوئي  كتاب را به صورت  يك مجموعة زنده در آورده است                 

 :مباحث كتاب شامل .  كاتتريزاسيون آن به صورت ويدئوكليپ نشان داده شده است

هاي  قلبي ، اتانول و قلب، رفتار  آن، سيگار كشيدن، ديابت ، استروژن، جنس زن و بيماري وسكلروز، رژيم غذايي و چاقي و اختلالات چربي، ورزش، فشار خون و پاتوفيزيولوژي بيولوژي اتر: شامل(كارديولوژي پيشگيري  -٢  تاريخچه علم كارديولوژي -١
اـ مـي        هاي آن مي    اي ، عفوني ، مادرزادي ، تومورال  قلب و پرده            هاي ايسكمي، دريچه    ي ، و بيماري   شامل تاريخچه، معاينات بالين   (:  كارديولوژي باليني  -٣  )هاي قلبي   و شخصيت بيماران قلبي، نوتواني بيماري       -.)باشـد  باشد هم چنين شامل قلب و حاملگي، پيري ، كليه، ورزش و تروم

 - ارزيـابي بـا داپلـر    – اسـترس اكوكـارديوگرافي   – transthoracic اكوكـارديوگرافي    – در حـين ورزش      ECG –تفسـير عكـس سـاده ريـه         (:  شامل عكس و فايل صوتي و ويدئو كليپ        : تصويربرداري قلبي  -٤  اشتباهات پزشكي     - داروهاي قلبي    -مشاوره نويسي   
 ECGهـاي الكتروفيزولـوژي   هـا، تسـت   مكانيسم و فيزيولوژي آريتمـي  (: شامل Pacingالكترو فيزيولوژي و  -٥ ). intraoperative اكوكارديوگرافي – قلب CT, PET , MRI –اي  هاي تصويربرداري هسته  تكنيك-transesophagealاكوكارديوگرافي 

يـون قلبـي ،       -آنژيـوگرافي كرونـري         ( شامل عكـس و فـيلم        :هاي جراحي    و تكنيك  invasiveكارديولوژي   -٦  ) و فيبريليتورها  Pacemakerضايعات قلبي ايسكميك و غيرايسكميك، طرز گذاشتن         اـي   Percutaneos، Procedures كاتتريزاس  –پـس قلـب       ب
Restenosis   اپيدميولوژي و درمان – approachيولوژي ملكـولي   كـارد -٨ نارسايي قلب و پيوند قلب            -٧      )هاي مادرزادي قلبي  اولتراسونوگرافي داخل عروقي و آنژيوسكوپي  و الولوپلاستي ، طرز كاتتريزاسيون در بيماري–اند  پس شده  به بيماران كه قبلاً باي

 .هاي ويديوئي و كليپ) نرمال و ابنرمال(شامل عكس و صداهاي قلبي : Multimedia -١٠            واسكولر بيولوژي-٩

  نرمال و ابنرمال:     صداهاي قلبي.هاي قلبي عروقي  چشم و بيماري-حي جرا– معاينات باليني – پاتولوژي – نوكلئار – intravascular اولتراسونوگرافي - ECG –  اكوكارديوگرافي - CT/MRI –كاتتريزاسيون : عكس

 :  شاملCDهاي جديد كتاب نسبت به ويرايش قبلي كتاب و       فصل. جراحي–اي   تصاوير هسته– و اولتراسونوگرافي داخل عروقي Pacing الكتروفيزيولوژي و – اكوكارديوگرافي – CT/MRI – كاتتريزاسيون :ويدئوكليپ

• Endof-Life Care  ،قلب ورزشكاران ، ارزيابي باليني، سيستم عصبي اتونوم ،.   Percutaneous Coronaryintervantionهاي ملكولي در مورد قلب تراپي و پيشرفت  ، ملاحظات جراحي در درمان نارسائي قلب، ژن 

 باز شده بر روي كـادر سـمت چـپ تصـوير،     Flash را درون درايو قرار داده و در پنجره اي كه با عنوان CD ابتدا Cardiovascular Medicineبراي نصب برنامة  :   TEXTBOOK OF CARDIOVASCULAR MEDICINEطريقه نصب 
 است در قسـمت پـايين   C:\Program files\CardioVascularMedicineمسير بصورت پيش فرض اين . كند و مسير نصب برنامه را مشخص مي)  ثانيه بعد٣٠-٤٠حدوداً (شود  اي ديگري باز مي  را انتخاب كرده سپس پنجرة محاورهInstall TOPOLگزينة 

 مـي آيـد بـرروي    Install completeيه پنجرة آخر بنـام   ثان٢٠شود و برنامه خودبخود نصب مي شود پس از حدود   پنجرة ديگري باز ميInstallپس از كليك برروي ) توانيد تغيير دهيد اگر خواستيد مسير فوق را به دلخواه مي( كليك كنيد Installبرروي دكمة 
راي نصـب ايـن   ب. Quick Time, Internet Explorer:  پس از آنكه مراحل فوق انجام پذيرفت برنامه نصب شده است ولي براي اجراي آن نياز است دو برنامة كمكي ديگر نيز بر روي سيستم عامل نصب شود كه عبارتند از.  در انتها كليك كنيدDoneدكمة 

 . مگابايت حافظه32پردازشگر و حداقل  MHZ 200    است يا,ME, 98, 95 2000, NTضمناً سيستم عاملهاي پيشنهادي براي اين برنامه ويندوزهاي . توان استفاده كرد  به بالا مي5.5برنامه از اينترنت اكسپلورر باورژن 
.  از پائين را فشار دهيدNext كليك كنيد و دكمة I accept the agreementدر پنجره اي كه پيش روي شما باز مي شود در قسمت .  را كليك كنيدInternet Explore 5.5گزينة ) CDاردادن اولين پنجره هنگام قر( در پنجره اي كه پيش روداريد 

حال بايد منتظر بمانيد تا برنامه بصـورت كامـل نصـب گـردد سـپس پنجـرة       .  را فشار دهيدNextش فرض دكمة بالايي فعال است و شما بايد دكمة شود كه بصورت پي    سپس پنجرة جديدي باز مي    . شود  ها مي   برنامه مشغول چك كردن سيستم و محتواي فايل       
 و CD به درون درايو و يا بـاز كـردن   CDو فشردن مجدد             CD درايو Ejectاين كار را مي توانيد با زدن دكمة (كنيد  را اجرا    CDدوباره  . شود   مي restartدر اين موقع ويندوز خودبخود      .  در انتها زده شود    finish را فشار داده و دكمة       Nextديگري باز شده دوباره     
 را بزنيد تا پنجرة Nextپنجرة بعدي هم بايد .  را فشار مي دهيمNextآيد دكمة  رة جديدي ميپنج.  كليك كنيمQuick time 5بر روي گزينة  ) CDپنجرة اول هنگام قراردادن (بايد از پنجرة بازشده . رسيم حال به قسمت سوم نصب مي) اجراي آن انجام دهيد

62.5 
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 را انتخاب كنيد در پنجرة Next را بزنيد و باز نيز Nextمجدداً  را بزنيد و در پنجرة جديد بصورت پيش فرض دكمة دوم از بين سه دكمه در بالاي كادر فعال است Next  را انتخاب كنيد مسيري را مي بينيم اگر موافق بوديد Agree ديگري باز شود حال دكمة 
 كنيد تا finish كرديد اين پنجره را Next بزنيد دو باركه    Nextشود آن را نيز        را زده تا برنامه نصب شود بر روي پنجرة فعال ما پنجرة جديدي باز مي               Nextپرسد نيازي به پركردن آن نيست          را فشار دهيد پنجرة بعدي سريال و نام شركت را مي           Nextجديد نيز   

 Cardio برنامـة  Cardio Vascular Medicine شـويد و از منـوي   Programs كليـك كـرده وارد   Start ببنديـد بـرروي دكمـة    Desktopتمام پنجره ها را برروي صـفحة  .  كنيدCloseهاي دو كادر بالا  به پايان كار برسيم آخرين پنجره را با برداشتن تيك

Vascular CD را اجرا كنيد و سپس برنامة internet explorer را باز كرده و در قسمت Addressبرنامه در محيط .  خط زير را تايپ كنيدinternet explorerشود  اجرا مي. 
http://127.0.0.1:83/PCIndex.htm. 

2003 The Netter Presenter Cardiovascular and Renal Edition    Images from the Netter Collection   (NOVARTIS) 63.5

 The Physiological Orgins of HEART SOUNDS and MURMUS   (John Michael Criley, M.D., Conrad Zalace, David Creley) ــــــ
 

General Tutorials: 
Inspection and Palpation 
Intriduction to Auscultation 
Effect of Maneuvers and Perturbations  
Hemoduction to Cardiac Imaging Modalities 

Timing of Heart Sounds 
Valve Closure Sounds and Splitting of Sounds 
Opening Sounds 
Third Sounds 
Fourth sounds 
Ejection Sounds 
Mid-Systolic Clicks 

 

Timing of Murmurs 
Systolic Murmurs 
Diastolic Murmurs 
Continuous Murmurs vs. “To and Fro” Murmurs 
Friction Rubs 

 

Catalog of Lesions 
Normal 
Valvar Lesions 
Pericardial Disease 
Congenital Heart Disease 
Cardiomyopathies 
Myxoma 

  

64.5 

 Vascular Vision (A Liberating Approach to Vascular health Expert Opinions in Dyslipidaemia) (Professor Philip Barter, Dr. John Kastelein,…) 65.5 ــــــ

 VJC   Video Journal of Cardiology    (LAWRENCE S. COHEN, M.D, JOHN ELEFTERIADES, M.D.)   (VCD) ــــــ
1. From a new perspective: mitral valve prolapse aortic dissections and aneurysms 
2. Surgical and medical management of ascending and descending aortic dissections liporoten (A): a cardiovascular risk factor 

66.5 

 VJC Video Journal of Cardiology   (Christopher White, M.D, Michael E. Cain, M.D., Bruce D. Lindsay, M.D., Herbert Geschwind, M.D.)   (VCD) ــــــ
 

يك متخصص به همراه نمايش اسلايد و فـيلم و نمودارهـاي   در هر بخش يك موضوع به شكل مصاحبة علمي با .  دقيقه در سه بخش ارائه شده است50 به مدت  VCDباشد كه به صورت فيلم آموزشي در قالب            مي VJCهاي آموزشي   CDاين برنامه از سري     
 : موضوعات هر بخش به شرح زير است. متعدد بحث و بررسي شده است

1-Cold lege : The Approach to Acvte and progressive Peripheral Vascular Disease        christoher white دكتر: مصاحبه شونده  :  
 .نيز مورد بررسي قرار گرفته است....   ، استرپتوكيناز ، آنژيوپلاستي ليزري و Urokinaseكاربردهاي . مراحل انجام آنژيوگرافي به همراه نمايش تصاوير آنژيوسكوپيك و آنژيوگرام ارائه شده است. حيطي و روشهاي درماني آنها بحث شده است عوارض مربوط به عروق م

2- RADiofrgvency ablation : Ablation of AVNode reentry  tachycardias        Michael   E. Cain   :  دكتر: مصاحيه شونده  

 .هاي متعدد بررسي و توضيح داده شده است همراه با نمايش اسلايدها و راديوگرام...  و AVهاي در فيبريلاسيون و بلوك ECGهاي مختلف،  الكتروكاردويوگرام باليدگذاري 
3- Laser Angioplasty for coronary Atherosclerotic Disease         Herbert Geschwind    دكتر: مصاحبه شونده :  

 . مورد بحث و بررسي قرار گرفته است....  و PTCAيسه آن با ها اين روش و مقا اهداف استفاده از آنژيوپلاستي ليزري و عوارض آن مزيت ها و محدوديت) ماوراء مادون قرمز(  طول برج بهمينه   Pulserمكانيزم عمل سيستم ليزر در آنژيوپلاستي، كاربرد 

67.5 

 
  پوست و مو-٦

 CDعنوان  سال انتشار
2001 American Cancer Society  Atlas of Clinical Oncology  Skin Cancer   (Arthur J. Sober, MD, Frank G. Haluka, MD, phD)  (Bc Decker Inc) 

در نتيجـه دانـش تشـخيص و درمـان و     . تر قابـل تشـخيص اسـت    باشد سريعتر و راحت    باشد و به علت اينكه بر خلاف كانسرهاي ديگر، كانسرهاي پوست در معرض ديد مي                ها، كانسرهاي پوستي مي     ترين شكل سرطان    يم شايع شو   مي ٢١همچنانكه وارد قرن    
ها  باشد چون علم درماتولوژي بر پاية مشاهده بنا شده است، بنابراين كتاب داراي تصاوير زياد با كيفيت بسيار بالاست و هر جا كه عكس مي Skin cancerنماهاي باليني اب تأكيد بر  مشخصة اين كت.هاي پوستي موجب نگارش اين كتاب گرديده است جلوگيري از سرطان

1.6 
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 : قسمت تقسيم شده است٤ اين كتاب به . درماني و پيشگيري در كتاب گنجانده شده استو علاوه بر اين نكات تشخيصي، اپيدميولوژي ،.  اضافه شده استtextكننده نبوده  در ارائه مطلب كمك
 .باشد  شامل اپيدميولوژي، ژنتيك كانسرهاي پوستي و عوامل خطرزا ميBasic Concept :١بخش 
 .اشاره شده است) ٨:٣فصل ( كاپوسي ساركوم و ) ٨:٢فصل ( Merckle cell Carcinoma) ٨:١فصل  (هاي پوستي ناشايع مالينگنانسيو ) ٧فصل ( هاي پوستي لمفوم )٦فصل ( Sccو ) ٥فصل ( BCEو ) ٤فصل (نماي باليني ملانوم  در هر فصل جداگانه : تظاهرات باليني: ٢بخش 
كمـوتراپي ، سـيتوكين   و ) ١٣فصـل  ( ايمونـوتراپي در ملانـوم  ، )١٢فصل ( در ملانوم adjuvant therapy ،)١١فصل (نود در ملانوم  و بيوپسي از لمفنودها  ارزيابي لمف، )١١فصل ( تدابير جراحي ملانوم پوستي ،) ٩فصل ( تكنيك بيوپسي از ملانوم: كه شامل Management : ٣بخش 

 . باشد مي) ١٧فصل ( [MF]درمان لمفوم پوستي اوليه همچنين . باشد مي) ١٤فصل (تراپي و بيوكموتراپي در ملانوم 
 .از كانسرهاي پوستي بحث كرده استدر مورد پيشگيري  : ٤بخش 

 AQUAMIDE; Poly Acryl Amide Ged  (an injectable gel for correction of soft Tissue Deficiencies) ــــــ
 و كاربردهاي آن مورد بحث قرار گرفته و سپس طريقه تزريق اين ژل در اصلاح چين نازوبيال، تغيير شكل Aquamide در ابتدا خواص ژل.  توضيحاتي داده شده است Cosmetic Surgery  به كار رفته در fillerدر مورد يكي از مواد  CDدر اين ويدئو 

 .ويدئوئي مورد بحث قرار گرفته استگذاري و خط لب به صورت نوار  مرغان يا تروماها، گونه هاي پيشاني و اطراف لب، پركردن و اصلاح ضايعات آتروفيك ناشي از اسكار آبله بردن چين هاي بيني، از بين ناهنجاري

2.6 

2002 ATLAS OF COSMETIC SURGERY (MICHAEL S. KAMINER, MD,  JEFFREY S. DOVER, MD, FRCPC,  KENNETH A. ARNDT, MD)  (W.B. SAUNDERS COMPANY)  (Salekan E-Book) 
آوري تجارب مؤلفين بوده و بيشتر به مـوارد كـاربردي اشـاره     العاده جمع اين كتاب الكترونيكي فوق'": نويسد مي) Yaleاستاد درماتولوژي و جراحي پلاستيك دانشگاه  (Dr. Leffellدر مقدمه كتاب . باشد  ميDr. Kenneth. Arndtاطلس حاضر تأليف ديگري از 

 داشـته و در  Cosmeticهـاي    سـال احاطـة وسـيعي در جراحـي    ٢٠ تقريباً به مدت Archives of Dermatology سردبير مجله Dr. Arndt. يد را بر روي بيمار خود انجام دهCosmeticكند چگونه با موفقيت يك عمل   شده است به طوريكه به شما كمك مي
 و درمان اسـكارهاي آكنـه كـه در مجـلات            Botoxبراي مثال چگونگي تزريق     (رود    ه كار مي  باشد كه همگي به عنوان رفرانس ديگر كتب و مجلات پزشكي ب              ويژگي اين كتاب نسبت به موارد مشابه، تجربيات مؤلفين مي          "بودن كتاب سهم بسزايي دارد      شكيل

Archive   و AAD 2001   چاپ شده است   2002 و  (       مؤلفين هدف از تأليف اين كتاب را بيان تجربيات كاربردي خود در بيمارستانHarvard)  براي مثال مباحث تزريق . دان بيان نموده)  اطاق عمل جراحي كاملاً مجهز١٢ ليزر پوست و١٣باBotox  ليزردرمـاني ، 
ها  ش تكنيكهاي ساده براي آموزش و بعضاً رنگي به كيفيت و راحتي آموز باشد استفاده از شكل ترين و به اذعان متخصصين و دستياران پوست بهترين كتاب چاپ شده در اين مورد مي  و بلفاروپلاستي اين كتاب كاربرديScar managementضايعات پوستي و 

 :باشد اين كتاب منحصربه فرد شامل مباحث زير مي.   شود  بزودي ارائه مي"Kenneth, Arndt" مؤلف Laser in Dermatologyكتاب  .كمك شاياني در اين كتاب كرده است
 
PART I 
EVALUATION OF THE COSMETIC SURGERY PATIENT 
1 The History of Cosmetic Surgery 
2 The History of Cosmetic Dermatologic Surgery 
3 Evaluation of the Aging Face, 
4 Photoaging: Mechanisms, Consequences, and Prevention 
5 Beauty and Society 
6 Psychosocial Issues and Their Relevance to the Cosmetic Surgery Patient 

 
PART II 
ANESTHESIA 
7 Regional Anesthesia for Aesthetic Surgery 
8 Office-Based Sedation and Monitoring 
9 Postoperative Pain and Nausea Management 

 
 

3.6 

 Atlas of Dermatology  (Jhon's Hopkins)   (SALEKAN E-BOOK)   (CD I , II) ــــــ

 .باشد  مي Jhon's Hopkins دانشگاه ٢٠٠٣ گرديده و محصول سال Sortباشد كه بر طبق حروف الفبا   تصوير كاملاً جالب با رزولوشن بالا در خصوص انواع ضايعات پوستي مي٢٥٠٠اطلس فوق شامل بيش از 
4.6 

1999 Atlas of Dermatology  (T.L.Diepgen, M. Simon, A. Bittorf, M. Fartasch, G. Schuler)   (with the DOIA team  G. Eysenbach, J. Bauer, A. Sager)   (springer)  
 

 گنجانده شده Dermatology online Atlas (DOIA)از آن سال به بعد از سراسر جهان تصاوير ضايعات درماتولوژي در اين شبكه در محل .  ايجاد شد(www) ، كه شبكة سراسري جهاني انيترنت ١٩٩٤گردد به سال  تاريخچة اطلس درماتولوژي برمي
 تهيـه شـده كـه قابليـت     DOIA از Offlineبنابراين اطلس فوق به صـورت  . گنجانده شده است... صوتي و  Case reportها،   تشخيص درماتولوژي، ارائه سخنرانيDPI 600 تصرير با كيفيت بسيار بالاي بيش از ٣٠٠٠در اين سايت اينترنتي علاوه بر . است

 .  را داردonlineاتصال در هر زمان به صورت 

5.6 

  Atlas of Differential Diagnosis in DERMATOLOGY  (Klaus F. Helm, M.D., James G. Marks, Jr., M.D.) ــــــ
به طريكه در مورد تشخيص يـك  . هاي افتراقي دارد هاي از يكديگر به صورت تشخيص       بندي كرده تأكيد بيشتر به تشخيص باليني و افتراق بيماري           ها را بر اساس حروف الفبايي يا پاتوفيزيولوژي تقسيم          ديگر كه بيماري  هاي     بر خلاف اطلس    CDاين  

6.6 

PART III
COSMETIC SURGERY PROCEDURES AND TECHNIQUES
10 Topical Skin Care
11 Lasers in the Treatment of Vascular Lesions
12 Lasers in the Treatment of Pigmented Lesions
13 Laser Hair Removal
14 Liposuction
15 Hair Transplantation
16 Soft Tissue Augmentation
17 Botulinum A Exotoxin Injections for Photoaging and Hyperhidrosis,  
18 Chemical Peels
19 Lasers in Skin Resurfacing
20 Blepharoplasty
21 Surgical Rhytidectomy: Face Lifts and the Endoscopic Forehead Lift 
22 Leg Vein Management: Sclerotherapy, Ambulatory Phlebectomy, and Laser Surgery 
23 Scar Management: Keloid, Hypertrophic, Atrophic, and Acne Scars 
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بندي شده در اول هر فصـل ابتـرا     فصل تقسيم١٦ها را بر اساس شكل و محل به  ها و نئوپلاسم  راش CDاين  .  تنظيم گرديده است   Problem-orientedوري شده و به صورت يك اطلس        شود گردآ   هاي ديگر كه با آن بيمارييي اشتباه مي         بيمار تصاوير بيماري  
در آخر هر فصل نيز اتيولوژي، نكات مهم باليني و درمـان  . شود اي نشان داده مي شود و سپس تصاوير با كيفيت بالا به صورت مقايسه  مياس تشخيص افتراقيهاي اين ضايعات نمايش داده الگوريتم رسيدن به تشخيص نشان داده شد و سپس در جداول مقايسه  

 image gallery .CDدر ايـن  .  و چگونگي كار ارائه شـده اسـت  CDبراي آشنايي با محتويات ) animation به صورت( در ابتدا يك برنامه مالتي مديا .   ارائه شده استAcrobat reader  در برنامه CDاين . براي هر بيماري به صور جداگانه ارائه شده است
 .احتي براي جستجوي موضوع بيماري كمك گرفتتوان به ر  كه بر اساس حروف الفباي انگليسي بنا شده ميindex inconاز . توان استفاده كرد  و ارزيابي شخصي ميquizوجود دارد كه تصاوير بدون توضيح ارائه شده و از آن به عنوان 

2003 Botulinum Toxin Aesthetic Indications  (Mauricio de Maio, Segio Talarico, Benjamin Ascher, Nam Ho Kim South) 7.6 
 Color Atlas and synopsis of Clinical Dermatology    Common and Serious Diseases Thomas B.    (Fitzpatrick, M.D. Richard Allen Johnson, M.D. Dick Suurmond, M.D) ــــــ

 
 .تصاوير درج شده استاي از تظاهرات اصلي اپيدميولوژي و انتيولوژي و بيماري در كنار  همچنين خلاصه. باشد  تصوير با كيفيت بالا موجب كمك در تشخيص به وسيلة فراهم كردن تصاوير رنگي بزرگ و كيفيت عالي مي٦٨٠اين اطلس با 

8.6 

 COLOR ATLAS OF CLINICAL DERMATOLOGY   COMMON AND SERIOUS DISEASES   (Salekan E-Book) ــــــ

 (Thomas B. Fitzpatrick, MD, Richard Allen Johnson, MD, Klaus Wolff, MD, Dick Suurmond, MD)  

9.6 

2001 Color Atlas of Dermatoxcopy  2nd, enlarged and completely revised edition  (Wilhelm Stolz. Otto Braun-Falco)   (Salekan E-Book) 10.6

 Correction of Wrinkles & Augmentation of lip and cheek with Restylane & Perlane       (Natural beauty  for as long as you like) ــــــ
 

 و Restyalne , Restyane fineهاي  اين ماده توسط كشور سوئد در سه غلظت به نام. باشد  ميrecombinantهيانوروتيك اسيد توليد شده توسط تكنيك . است% ١٠٠هاي صورت كه سازگاري آن با بافت انسان  ي رفع چين و چروكها برا Skin fillerيكي از بهترين 
perlane در اين . شود وح مختلف درم تزريق ميدر سط) ظريف يا عميق(باشد كه بر حسب نوع خطوط صورت  ميVCD :هاي تزريق را جداگانه با تصاوير كاملاً واضح نشان   ابتدا مروري بر چگونگي ساخت اين سه ماده دارد و سپس موارد استفاده و چگونگي تزريق و تكنيك

 و محل تزريق نشان Reslane fineدر اين قسمت تكنيك تزريق . ٣. شود حسي موضعي به نمايش گذاشته مي در اين قسمت طريقة بي. ٣. دهد حصول را در درم نشان مي عمق و محل تزريق هر يك از اين سه مanimationدر قسمت بعدي به صورت . ٢. داده شده است
و ) cheek enhancmeat و Lip enhan cemenl( ماننـد  fonciel contouringو ) ماننـد نازوشـيال  (هـاي عمقـي     براي رفع چينPerlaneدر اين قسمت تكنيك تزريق . ٥. شود  و محل تزريق نشان داده ميRestylanaدر اين قسمت تكنيك تزريق . ٤. داده شده است

 .در انتهاي هر قسمت تصاوير قبل و بعد از تزريق نشان داده است. ٨. شده است بيمار توضيح داده followupدر بخش انتها . ٧. دهد در اين بخش تركيبي از تزريقات بالا را در يك بيمار نشان مي. ٦. شود   نشان داده مي oral Commisureدرمان

11.6 

 Cosmetic Surgery for FACE and BODY 12.6 ــــــ
2000 COSMETIC LASER SURGERY   PERFECT THE TECHIQUES, REDUCE THE RISKS, AND ENJOY THE RESULTS WHEN PERFORMING COSMETIC LASER SURGERY (Richard E. Fitzpatrick Mitchel P. Goldman) 13.6 
2001 Cosmetic Surgery    An Interdisciplinory Approach       BASIC AND CLINICAL DERMATOLOGY     (ALAN R. SHALITA, M.D., DAVID A. NORRIS, M.D) 

 
اـي در   آخـرين تكنيـك   اي،   صفحه١٠٠٠اين كتاب حدود .  گفته مؤلف كتاب كمتر كتابي است كه تلفيقي از دانش درماتولوژي، ماگزيلوفاشيال و جراحي پلاستيك را در خود گنجانده استكتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده به           ه

 .ها جراحان پلاستيك و جراحان فك و صورت نوشته شده است اين كتاب داراي فصولي است كه توسط درماتولوژيست. گيري و به كار رود  مناسب تصميم هاي زيبايي را گردآوري نموده تا براي هر بيمار به صورت انفرادي تكنيك دسترس در جراحي
در هـر فصـل انديكاسـيون و        . نامـه در هـر فصـل آورده شـده           ضـايت  و فـرم ر     Post-op و   Pre-opاطلاعـات   . هـاي جراحـي را توضـيح داده اسـت           هاي تكنيك   هاي جراحي را قدم به قدم توضيح داده و تمام جنبه           Procedureاين كتاب   
ي ترن افراد در زمينه كاري خود نگارش يافته است نكات كليد   به گفته مؤلف كتاب چون هر فصل كتاب توسط مجرب         . هاي درماني و عوارض و درمان عوارض و درمان عوارض بحث شده است              هاي هر تكنيك جراحي و محدوديت       كنتراانديكاسيون

فصل . هاي پير آورده شده  آناليز زيبايي شناختي در مورد درمان صورت-٢فصل .   طراحي مناسب براي يك جراحي بحث شده    -١در فصل   . ها و روش عمل آورده شده است        هاي اختصاصي و اطلاعات كوچك ولي باارزش در مورد تكنيك           و تكنيك 
 و ٩ و ٨ و ٧در فصـول  .  كمپليكاسيون و درمان به طور جداگانه بحث شده اسـت ٦در فصل . نيز توضيح داده شده است) ها و مناطق ديگر و دست Chest .گردن( total body peel  آن و علاوه بر هاPeelسطحي و عمقي و تركيب  Peel ٦ تا ٣
. صـحبت نمـوده اسـت    Resurfacing در مورد مؤثر بودن ليزرهاي ٩در فصل .  مورد بحث قرار گرفته است )hair removalمانته و ضايعات پيگ tattoo ضايعات عروقي Er: YAG, Co2(هاي ليزر  ها و تكنيك  در مورد انواع درمان٣٧ و ٢٤ و ٢٢

 اختصاصـاً بـه چگـونگي اسـتفاده از     ١٥ و تزريـق چربـي و در فصـل    ....) كـلاژن و   ،inerrall , Perlane و(Restiylans ها Skin fillerها توسط   در مورد دفع چين و چروك١٦ الي ١١ فصل . اختصاص داده استDermabrasion به ١٠فصل 
Gortex   به  ١٧فصل .   اشاره شده استBotulinumsToxinها،  چگونگي جراحي خال١٨در فصل .   اشاره شده است Cystاختصاص به انـواع  ١٩فصل .   اسكار بحث شده است flap  وGraft  بـه ليپوساكشـن و   ٢٥ و ١٣ و ١٢فصـول  .  هـا دارد 

 آررده شده اسـت  Brow Reyirvenationهاي در بلفاروپلاستي   بحث شده و روشliflingو  fac, Neck ٢٩-٣٢در فصول .  هاي زيبايي مورد بحث قرار گرفته است procedure تركيب ٣٣در فصول .   اختصاص داردtumescentليپوانفوزيون و 
 به كاشت مـو  ٣٤فصل .   اشاره شده استThe cook weekend Altrnative to face liftبه نام  D. Cook كتاب روش اختصاصي ٢٧در فصل .  ها مورد بحث قرار گرفته است المولوژيست بلفاروپلاستي پلك بالا و پايين از ديد افت٣١و در فصل 

 اختصـاص بـه   ٤١ و ٤٠فصـل  . آفرين و ناراضـي اختصـاص دارد    به چگونگي برخورد و درمان بيماران مشكل٣٩فصل .  داردهاي عكاسي در مطب براي كارهاي زيبايي اشاره   كتاب به تكنيك٣٨فصل .  اختصاص دارد  Alopecia Redechionو 
 .هاي ماگزيلوفاسيال و دهان مورد بحث قرار گرفته است هاي صورت و كارهاي زيبايي جراحي ايمپلانت

14.6 

 COSMETIC LASER SURGERY For Face and Body  15.6 ــــــ
 Cutaneous Laser Surgery  (Second edition)  The Art and Science of Selective Photothermolysis   (Goldman, Fitzpartick) ــــــ

باشد و هر نوع از تكنولوژي ليـزر بـراي     در زمينة ليزر ميtext   يك كتابCutaneus Laserكتاب . باشد  چاپ همين مؤلفين ميCutaneous Laser Surgery  كتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترنيكي گرديده مكمل بر كتاب 
 .كمكي است براي پزشكان با تأكيد بيشتر بر برخورد درماني با بيمار Cosmetic Laser Surgeryدرمان ضايعات پوستي را توضيح داده است ولي كتاب 

16.6 
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باشد به گفته مؤلفين استفاده از بهترين ليزرها و بهترين تكنيك ها بدون توجه بـه    ميWuond healingفصل درخشان كتاب فصل .  از آن استفاده كردmini text bookباشد كه مي توان به عنوان يك   ميLaser tissue interactionفصل اول كتاب مروري بر 
Post procedural wound healingو در مورد استفاده و توضيح كمپليكاسيون از ليزرهاي ٦  و٥ و ٤ و ٣فصل  . شود  منجر به كمترين نتيجه مي co2 و Erbium:Yag در resurfacing  وEr:yagصورت و گردن و  chest باشـد و همچنـين در مـورد اسـتفاده از ليـزر        مـي

ultrapulse carbon Dioxide و Er:yag يكي از فصول تازه كتاب استفاده . در اطراف چشم شرح داده شده استNonablative Laser٩باشد كه مقبوليت روزافرون پيدا كرده است و در فصل   در مورد چين و چروك هاي صورت مي incisional laser Surgery براي موارد 
 hair جديدترين تكنيكهاي مورد استفاده در ١١در فصل .  را شرح داده استScar revision استفاده از ليزر در manual of cutaneous laser techniques مؤلف كتاب Tinas.Alster كتاب ١٠در فصل . استفاده در جراحي پلاستيك و بلفاروپلاستي توضيح داده شده است

removal ]مورد بحث قرار گرفته است واستفاده از  ]مقايسه آنها و طرز كار و معرفي ليزرهاي معتبر از كارخانه هاي معتبر mtense light sourceدر  hair transplantاستفاده جديد از ليزر١٢در فصل.   صحبت شده است Co2  و Er:yag در hair transplant ) كاشت مـو (
 .نمايند  ها توصيه مي نيكدر آخر، مؤلفين اين كتاب را به كاربردهاي ليزر به عنوان يك راهنما در انتخاب مناسبترين تك .  با استفاده از ليزر آورده شده استLeg vein كتاب درمان ١٣در فصل . بحث گرديده است

2001 Cutaneous Medicine Cutaneous Manifestations of Systemic Disease  (THOMAS T. PROVOST, MD, JOHN A.FLYNN, MD)  (Johns Hopkins Medical Institutions Baltimore, Maryland) 
 

 ٧٣اي با   صفحه٧٨٢اين . اين كتاب به علم درماتولوژي يك نظر كلي نه فقط به عنوان پوست و ضمائم بلكه با توجه به تظاهرات ديگر بيماري در بدن اشاره دارد           . باشد  دانشگاه جان هاپكينز مي   به گفتة مؤلفين، اين كتاب، آرم و مشخصه دپارتمان درماتولوژي           
هـاي پوسـتي كـه     هاي داخلي كه تظاهرات پوستي دارند و بيماري اين كتاب بيماري. باشد نكتة بارز اين كتاب آوردن نكات مهم كتاب در حاشيه صفحات مي          . شدبا  ها و متخصصين داخلي مي      هاي با كيفيت عالي به راهنمايي براي درماتولوژيست         فصل با عكس  

 . از مباحث غيرضروري اجتناب كرده استباشد و كند، مي تكيه اين كتاب به موارد كليد كه در تشخيص و درمان كمك مي. تواند علائم عمومي پيدا كند را توصيف كرده است مي
Dr. Richard Dobson  در مجلة(AAD) American etcademy of Dermatology انـد زيـر بـه قـول      هاي داخلي آشنا بوتده ها به علت شيوع سيفيميس با بيماري در گذشتة اكثر درماتولوژيست: در مورد اين كتاب گفته استSir Willamosler 

 و پيشـرفت   AIDSاي برخوردار خواهند بود زير ابا وجود تظـاهرات پوسـتي بيمـاري      در آينده از جايگاه ويژه medical Dermatologistهاي جراحي در علم درماتولوژي به نظر من Procedureبا وجود اينترنت . دانستن علم پزشكي استدانستن سيفيميس 
 .اپي و ايمونوساپرسيوها علم درماتولوژي باليني به افرادي براي پر كردن خالي در مراكز علمي و درماني احتياج داردبيوتيك، كموتر ها، آنتي دانش پزشكي در كاربرد سيتوكسين

17.6 

 Dermatology: A Multi-Media Teaching File  (Disc 1,2) (Gross & Microscopic Symposium)   (Mosby)  18.6 ــــــ
2002 EVIDENCE-BASED DERMATOLOGY  (Howard I. Maibach, MD, Sagib J. Bashir, BSc (Hons), MB, ChB, Ann McKibbon, BSc, MLS) 

 : مرحله دارد٥و . دهد گيري در باليني و تحقيقي ارائه مي چهارچوبي براي تصميم EBHC.  بنا نهاده شده استEBMC (Evidence- Based Heatlth Care)اين كتاب  الكترونيكي بر اساس علم 
 .گيري در درمان بيمار  استفاده از اين مدارك براي تصميم-٤ ارزيابي اينكه اين منابع و مدارك آيا معتبرند يا خير     -٣ پيدا كردن مدارك معتبر براي جواب به آن سؤال     -٢  ايجاد سؤال  -١

 ...توان متوجه معتبر بودن يك فرضيه يا مقاله گرديد و صل اول كتاب هر يك از اين مرحله به تفضيل شرح داده شده است كه چطور ميدر ف. دهد اين كتاب روشي منطقي براي پيداكردن سؤالات به وجود آمده در حين كار باليني ارائه مي
 .شود ها آورده شده كه در نشر كتابي اين منابع باارزش مشاهده مي  روزبودن اطلاعات درماتولوژيستو در فصلي جدا منابع معتبر و قابل توجهي آدرس اينترنتي با مشخصات كامل براي به. در درماتولوژي بيان شده است EBME   در فصل دوم كاربرد اين علم 

19.6 

 Facial Lifting by "APTOS" threads  Clinic of Plastic and Aesthetic Surgery 20.6 ــــــ
 Hair Removal  with Intense Pulsed Laser (IPL) ــــــ

  آموزشي فيلم) + ها  انديكاسيون-رود هايي كه براي موهاي زائد به كار مي ل مح-طريقة استفاده از ليزر(
كارائي بيشتر و عوارض مختصر كمك شاياني در يك برنده موهاي زائد با وقت كمتر،  ليزرهاي از بين.  گيرد كمتر مورد استفاده قرار مي...  موبرها، الكتروليز و ،sharingبردن موهاي زائد مانند  گير و بعضاً با عارضه براي از بين هاي وقت امروزه روش

 بزرگتر و در نتيجه طول Spot size بالا، Skin typeفوائد اين ليزد در استفاده اين ليزر در بيماران با . باشد  ميIPL  از جمله جديدترين ليزرهاي بكاررفته ليزر .هاي زيبائي دارد ها و كلينيك زندگي با كيفيت مطلوب براي مراجعين به پزشكان بخصوص درماتولوژيست
 براي IPLمناطقي كه در آن از ليزر ، IPL چگونگي استفاده از ليزر، فوائد ليزر ،IPLمعرفي ليزر .  توليد شده استEllipse كه به سفارش كمپاني CD  در اين .شود بزرگتر كه موجب عارضه كمتر و كارمدي بيشتر مي Therapeatic windowمدت كمتر درمان، 

 .نشان داده شده است clipدر هر بخش كليپ ويدئوئي از بيماريان و نحوه درمان و نتايج درمان با عكس و . رفع موهاي زائد استفاده شده است

21.6 

2002 HAIR TRANSPLANTATION   (The Art of Micrografting and Minigrafting)   (Salekan E-Book) 
ANATOMY AND PHYSILOGY OF HAIR PATIENT EVALUATION PLANING AND PATIENT INSTRUCTUIONS TECHNIQUE 
COMBINED FACE LIFT AND HAIR TRANSPLAYTATION REOPERATIVE SURGERY SPECIAL APPLICATIONS  

22.6 

1999 HANDBOOK OF ORAL DISEASE  DIAGNOSIS AND MANAGEMENT Cripian Scully  (MARTIN DUNITZ) 
 اين كتاب يه تنها به عنـوان اطلـس بلكـه از    .باشد ها و دندانپزشكان مي  تصوير رنگي از ضايعات دهاني مورد استفاده درمالوژيست ٤٠٠ صفحه متن به همراه بيش از        ٤٢٠دمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده شامل          كتاب فوق كه در مركز خ     

هاي نرم دهاني در اين كتاب بحث شده است علاوه بر اين تعدادي موارد نادر كه در سطح جهان رو به افزايش است مورد بررسي قرار  هاي شايع و مهم بافت      بيماري. ن پيشگيري نيز به ضايعات دهاني پرداخته است       هاي تشخيصي درمان و در صورت امكا        جنبة اتيولوژي، كليد  
ها، ضايعات لب و كـام و ضـايعات    دردهاي ناحية دهان با منشاء عروقي يا عصبي، شكايات دهاني با منشاء رواني، ضايعات مخاطي، بزاقي، ضايعات لثهفصول بعدي شامل .  دباش مي ضايعات دهاني symptom, signبررسي فصل اول كتاب شامل   .گرفته است

 .بندي شده است تقسيم Defintion،incidence  ،Agemainly affected ،Sexmainly affected ،Aetiology ،Clinical feature ،Diagnosis ،managementدر هر فصل ابتدا ضايعات بر اساس الفباي انگليسي تنظيم و سپس بر اساس .  باشد ميدهاني 

23.6 

2000 Laser Hair Removal   (David J. Goldman)  (Martin Dunits)  
فصل بعدي كتاب مروري گذرا به فيزيك . نخستين فصل كتاب اختصاص به بيولوژي مو دارد. باشد  مي(hair removal)ليزرهاي مورد استفاده براي برداشت موها كتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده مروري بر 

24.6 
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 :گردد روند بررسي مي در فصول ديگر كتاب انواع مختلف ليزرها كه براي رفع موهاي زائد به كار مي. پردازد يزر ميفصل بعدي كتاب، به چگونگي آنجام الكتروليز در رفع موهاي زائد و مقايسة آن با ل. باشد  ميhair removalليزر و كاربرد آن در 

1-  Normal mode Ruby laser              2- Normal mode alexandrite laser                    3- Diode laser                 4-     ND: YAG laser               5- Intense pulsed light 
 .ها مطرح شده است در هر بخش مقالات تحقيقي و طرق استفاده از هر يك از دستگاههاي ايزر آورده شده و در آخر هر فصل نظر مؤلف در خصوص هر يك از اين سيستم

 .نمايد كند كه در نهايت با انتخاب صحيح به حصول نتيجة خوب كمك شاياني مي باشد كه پزشك را در انتخاب دستگاه ليزر مناسب ياري مي  با يكديگر ميهاي معتبر و مقايسة آنها فرد كتاب معرفي ليزرهاي معتبر از شركت يكي از نكات منحصر به

 MANAGEMENT OF FACIAL LINES AND WRINKLES (ANDREW BLITZER, WILLIAM J. BINDER, J. BRIAN BOYD ALASTAIR CARRUTHERS)   (SALEKAN E-BOOK) ــــــ
يا  exfoliantsمورد بحث قرار گرفته و سپس با استفاده از فصول مجزا  (Line 8 Wrinkle)ها   فصل اطلاعات جالبي در مورد درمان و نوع برخورد با چين و چروك٢٢كتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده شامل 

Superfical peel هاي  كنندة آنالوگ مرطوبVitamins ، Chemical  بافنول وTCA  مقايسه ،Peel  ، شيميايي و ليزر Dermabrasion استفاده از انواع implant هاي صورت، استفاده از Dermal Allograft    طريقـة گذاشـتنGORTEX    تـزري كـلاژن و 
يك فصل از اين كتاب اختصاص به مرور فيزيولوژي و كاربرد درمان توكسين بوتولينيوم در پزشكي و فصل ديگـر بـه طريقـة    . بلفاروپلاستي facelifting, endoscopic Browloft Skeletal frameها تصحيح جراحي  چين و چروك Directexcisionچربي، 

 طريقة عكس گـرفتن از بيمـار بـه عنـوان يـك سـند       ٢١در فصل .  در رفع خطوط در چشم توضيح داده شده استBotulinumtoxinاده از ليزر و  طريقة استف٢٠ سپس در فصل .نمايد ها بحث مي براي درمان چين و چروك Botulinium Toxinاستفاده از تزريق 
 .استهاي ديجيتالي مورد بحث قرار گرفته   با دوربين Computer imagingپزشكي و 

25.6 

2000 MANUAL OF CUTANEOUS LASER TECHNIQUES  (Second Edition)  (Tinal S. Alster, M.D.) (SALEKAN E-BOOK) 
مشكلاتي است كه ها و     نكات عملي ليزر و تكنيك    نگاه اين كتاب بيشتر بر      . باشد  ميزمينة درمان ضايعات پوستي با ليزر       ها در     ترين كتاب    فصل است كه يكي از كاربردي      ١٢كتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده شامل               

 .به طور كامل شرح داده شده است (Patient selection)چگونگي انتخاب بيمار مناسب  و همچنين توضيحاتي كه به بيمار قبل از عمل و بعد از عمل بايد داده شوددر اين كتاب . متمركز شده استشود،  حين و بعد از عمل ايجاد مي
قبل شـامل    editionدر فصول جديد كتاب نسبت به . پرداخته استهاي ليزري معتبر و مقايسة دستگاههاي ليزر و روش انجام كار به طور جداگانه براي ليزرهاي اختصاصي    دستگاه و معرفي    اي به كارگيري ليزرها   ه   تكنيك در بعضي از فصول، كتاب به معرفي      

erbium :YAG laser و  Resurfacing  مزمان با ليزر و ليزرهايبلفاروپلاستي با ليزر و ليفتگ پيشاني ه hair removalاضافه شده است و در فصول آخر كتاب عوارض ليزر و چگونگي درمان آنها در مورد هر ليزر به طور جداگانه بحث شده است . 
هـا و جراحـان بـا گـرايش      ترين كتابي است كه در ماتولوژيست ه و كاربردي در علم ليزر در درماتولوژي بوده و اصليهاي پاي ترين كتاب  كاملGoldman  و Fitzpatric  نوشتة  Cutaneous Laser in Medicineتوان گفت كتاب حاضر همراه با  مي

facial rejuvenationبه آن نياز دارند . 

26.6 

 PHYSICAL SIGNS IN DERMATOLOGY  (SECOND EDITION)     Clifford M Lawrence Neil H Cox    (Joseph L Jorizzo)   (SALEKAN E-BOOK) ــــــ
هاي افترافي آورده شده    بندي شده و تشخيص     باشد كه بر اساس شكل و رنگ و محل ضايعات تقسيم             تصوير تمام رنگس از ضايعات مختلف پوستي مي        ٧٠٠كتاب فوق كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده شامل بيش از                 

 .دهد كه با آناليز در مشاهدة باليني و استفاده از معلومات  به تشخيص صحيح ضايعات برسد اين امكان را مياين كتاب به خواننده . است
 .كند عملي براي رسيدن به تشخيص ضايعات را فراهم مي approach ولوژي يككه براي دانشجويان درمات. تقسيم بندي نكرده بلكه بر اساس شكل و محل ضايعات فصل بندي شده است... ) عفوني، اتوايمون و (ها را بر اساس فيزيوپاتولوژي  اين كتاب بيماري

است كه در آنها نكات كليدي در تشخيص يكي از نكات ممتاز در ويرايش جديد اين كتاب آوردن جداولي . باشد ولي تمام مباحث مهم و بسياري از موارد نادر درماتولوژي در آن گنجانده شده است  درماتولوژي نميtestاين كتاب هر چند به عنوان يك كتاب 
ها  ارزش نه تنها براي درماتولوژيست باشد كه موجب شده  يك كتاب با در حقيقت اين كتاب شامل اطلس رنگي ضايعات پوستي و شرح و آناليز رسيدن به تشخيص ضايعات و جداول كمك كننده در تشخيص مي. هاي تشخيصي بيان گرديده است pitfallsو 

به علت اهميت اين كتاب بايد هر درماتولوژيستي اين كتاب را همراه داشته .  تصاوير آن چنان كيفيتي دارندكه گويا بيمار در مقابل شما ايستاده استDr. Joav Merickبه گفتة . هاي پوستي كمتر آشنايي دارند به كار رود راي ساير پزشكان كه با بيماريبلكه ب
 ...هاي خود جاي دهد هر كتابخانة پزشكي بايد اين كتاب را در قفسه. ي، متخصيصين اطفال و داخلي در فعاليت باليني به اين كتاب احتياج  پيدا خواهند كردهاي پرشك باشد و ساير خانواده

27.6 

 Practical  MINOR SURGERY 28.6 ــــ
2002 Primer of Dermatopathology   (Third Edition)  (Antoinette F. Hood,  Thedore H. Kwan, Martin C. Mihm, Jr., Thomas D. Horn, Bruce R. Smoller)   

1. Introduction 4. Reticular Dermis 7. Bonus Quizzes 
2. Epidermis 

3. Basement Membrane Zone, Oaoillary Dermis, and Superficial Vascular Plexus 
5. Appendages 6. Panniculus  

29.6 

 Radiosurgical Treatment of Superficial Skin Lesions   (S. Randolph Waldman, M.D.) 30.6 ــــــ
 Radiosurgical Vaporization of Dermatologic Lesions  (Dr. Stephen Chiarello) ــــــ

1- Rhinophyma      2- Keratosis Removal      3. Scar Revision (Back)      4. Basel Cell Carcinoma (Nasal Tip)      5. Scar Revision (Nose)      6. Basal Cell Carcinoma (Nasal Bridge)     

7. Scar Revision (Lower Forehead)               8. Radiosurgery in ENT      9. Turbinate Shrinkage                          10. Rhinoplasty                 11. Tonsillectomy    12. Tympanoplasty 

31.6 

 Reconstructive Facial Plastic Surgery  (SALEKAN E-BOOK) ــــــ

  آموزشي فيلم) + ها  انديكاسيون-رود هايي كه براي موهاي زائد به كار مي  محل-طريقة استفاده از ليزر(
 .گيرد كمتر مورد استفاده قرار مي... وليز و  موبرها، الكتر،sharingبردن موهاي زائد مانند  گير و بعضاً با عارضه براي از بين هاي وقت امروزه روش

32.6 
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 .هاي زيبائي دارد ها و كلينيك برنده موهاي زائد با وقت كمتر، كارائي بيشتر و عوارض مختصر كمك شاياني در يك زندگي با كيفيت مطلوب براي مراجعين به پزشكان بخصوص درماتولوژيست ليزرهاي از بين
 .شود بزرگتر كه موجب عارضه كمتر و كارمدي بيشتر مي Therapeatic window بزرگتر و در نتيجه طول مدت كمتر درمان، Spot size بالا، Skin typeفوائد اين ليزد در استفاده اين ليزر در بيماران با . باشد  ميIPLه ليزر از جمله جديدترين ليزرهاي بكاررفت

در هر بخش كليپ ويـدئوئي از بيماريـان و نحـوه درمـان و     .  براي رفع موهاي زائد استفاده شده استIPLمناطقي كه در آن از ليزر ، IPL چگونگي استفاده از ليزر، فوائد ليزر ،IPLفي ليزر معر.  توليد شده استEllipse كه به سفارش كمپاني     CDدر اين   
 .نشان داده شده است clipنتايج درمان با عكس و 

2002 REFINEMENT IN HAIR TRANSPLANTATION: Micro and minigraft Megasession  (Alfonso Barrera, M.D.) 
 . به كار رفته استعلاوه بر تصاوير رنگي، تصاوير گرافيكي براي فهم مطالب. باشد براي طاسي مردانه و ديگر اختلالات ريزش مو مي)  مو٣-٤گرافت (گرافت  و ميني)  مو١-٢گرافت (اين كتاب الكترونيكي در مورد پيوند مو به روش ميكروگرافت 

 .اي قبل از انجام اعمال پيوند به نوآموزان بدهد باشد تا اطلاعات پايه  در مورد آناتومي و فيزيولوژي مو مي-١فصل 
 .كند يكردن ريز مو كمك م  اطلاعات سودمندي در مورد الگوهاي مختلف ريزش مو و جراحي و ارزيابي مشكلات فردي بيمار و بهترين روش براي برطرف-٢فصل 
 . در مورد تجهيزات لازم براي انجام پيوند مو و همچنين اطلاعاتي كه بايد به بيمار قبل از انجام جراحي داده شود-٣فصل 
 .شود ي عمل نشان داده شده و در مورد نتايج هر يك بحث ميشده از ابتدا تا انتها هاي جراحيCase توضيح قدم به قدم توسط تصاوير واقعي و گرافيكي انجام اعمال جراحي پيوند مو آورده شده و سپس تصاوير -٤فصل 
 .فت آورده شده استاند نشان داده شده و ترميم آنها به روش ميني و ميكروگرا هاي ديگر براي طاسي سر جراحي شده هاي مختلف كه قبلاً توسط روشCaseدر اين فصل . باشد  ميface liftingهاي ديگر مانند   تركيب جراحي پيوند مو با تكنيك-٥فصل 
 .گرافت در كارهاي زيبايي و جراحي پلاستيك شرح  داده شده است  كاربردهاي ديگر ميكروگرافت و ميني-٦فصل 
تـرين فصـل كتـاب      برجسته٧فصل . پوسپي به علت سوختگي و كاشت مژه آورده شده است، كاشت ابرو، سبيل، ريش، درمان آلface lift، اصلاح خط ريش بخصوص بعد از Scafpكردن اسكارهاي  گرافت در پنهان  كتاب كاربرد ميكروگرافت و ميني-٧فصل 

 .كند باشد كه اين كتاب راز كتب مشابه پيوند مو را متمايز مي مي

33.6 

 Skin Rejuvenation with skin filler  (E.E.A. Derm) ــــــ
CD حاضر، روش انتخاب، آنستزي و تزريق Juvedermدئو در اين وي. باشد  ميCDسپس پركردن چين نازوبيال با . ، نحوة آنستزي بدون اينكه آناتومي محيط ناحيه تزريق از بين برود نشان داده شده استJuvederm30 و سپس افزايش حجم لب با 

Juvederm24هاي ظريف با  بردن چروك  و از بينJuvederm18نشان داده شده است . 

34.6 

1998 Textbook of Dermatology   (Sixth Editions) (R.H. CHAMPION, J.L. BURTON, D.A.BURNS, S.M.BREATHNACH)   (ROOK)  (Software c Gention I.T. Consuliants Ltd.,)   Version 1.2.0 
 .باشند ها جديد مي رفرانس % ٢٥ -٣٠ها بازنويسي شده و در حدود  بسياري از فصل. افه گرديده استها مرور شده و آخرين اطلاعات اض باشد در اين ويرايش تمام فصل  صفحه مي٣٦٨٣ جلد و ٤شامل  Rookويرايش ششم كتاب درماتولوژي 

 .باشد مي Board certificationاريان پوست و كتاب حاضر رفرانس دستي .استفاده نمايند Slide Conferenceهاي كتاب به عنوان  توانند از عكس  اين كتاب ميCDكنندگان از  استفاده. در هر فصل تصاوير با كيفيت بالا ارائه شده است

35.6 

2004 Textbook of Dermatology  (Rook's)   (Seven Edition)   (Volume 1-4)   (E-Book) 36.6 
2000 Textbook of Pediatric Dermatology  (JOHN HARPER ARNOLD ORANJE NEIL PROSE) (VOLUME 1 , 2) 

 در درماتولوژي encyclopedic textمؤلفين اين كتاب يك . باشد  جداگانه ميSubspecialityاست كه در اكثر كشورها يك   Pediatric dermatologyسالكان تبديل به كتاب الكترونيكي گرديده در خصوص كتاب فوق كه در مركز خدمات فرهنگي 
. باشد  ميtext book of general dermatology (RooK)روش نگارش كتاب كاملاً مشابه به روش نگارش كتاب .  در درماتولوژي اطفال پذيرفته شده استboard cerificaition اند كه به عنوان  محقق از سراسر جهان گردآوري كرده185اطفال به كمك 

هـاي درمـاني در ايـن         همچنين آخرين پيشرفت در ژنتيك ملكولي و روش       . باشد   مي  هاي نادر   بيماري و  Psoriasisشايع مانند    فصل بوده كه شامل بيماريهاي       ٢٩كتاب مشتمل بر    . باشد   مي adolescentناتال تا     اين كتاب در بر گيرندة درماتولوژي از دورة پره        
در بخـش ليـزر   .  تحرير گرديده استftrsthand knowledgeصار بحث شده است توسط افراد هاي درماتولوژي ديگر به اخت كه در كتاب...  و اندميك ترپونوماتوزو  ليشمانيوز و لپروزي مانند اندميك در بخش عفوني كتاب بيماريهاي. كتاب گنچانده شده است

 و tissue expansionراحـي مشـتمل بـر    هاي ساده و پيچيدة ج تكنيك Surgeryدر فصل  . كتاب بحث شده استSurgeryدر فصل  بيهوشي در اطفال و Sedationهاي  روش گنجانده شده است و عروقيو  ضايعات پيگمانته كتاب استفاده ليزر براي درمان
 و به گفتـة .  كاربرد داردPediatric dermatologyهاي متنابه با كيفيت بالا بوده كه به عنوان يك اطلس پوست در  مشخصة منحصر به فرد كتاب عكس.  شرح داده شده استسوختگي وها، تدابير درماني كلوئيد، اسكار  ، كشت كراتينوسيتgraftانواع مختلف 

 .آوري گردد هاي شايع جمع مؤلفين تلاش زياد شده كه تظاهرات مختلف پوستي در نژادهاي مختلف حداقل در مورد بيماري

37.6 

2002 The Aging Face   A Systematic Approach  (Calvin M. Johnson, Jr., Ramsey Alsarraf)    (CD I , II) 

CD I: 
 The Coronal Browlift:   1. Introduction    2. The Incision                 3. The  Corrugator Muscles     4. The Procerus and frontalis    5. Closure 
 Blepharoplasty:            1. Uooer Lids      3. Marking and Incision    5. Skin and Muscle                 7. Fat Removal                         9. Closure 

                                       2. Lower Lids     4. The Incision                  6. Fant Removal                     8. The Skin Pinch 
CD II: 
-The Deep Plane Facelift         -Marking and Incision        -Skin Elevation       -The Deep Plane        -The Submental Region      -Resuspension       -Closure 

38.6 

2002 Treatment of Skin Disease   Comprehensive therapeutic Strategies  (Mark G Lebwohl Warren R Heymann, John Berth-Jones, Ian Coulson)  (SALEKAN E-BOOK)   (MOSBY) 

چه سؤالاتي بايد از بيمار پرسيده شود و چه آزمايشاتي بايد . باشد  بيماري ميmanagementمشكل اصلي پزشكان در مواجهه به يك بيماري بعد از تشخيص ) باشد دارودرماني بيماري پوست مي+ استراتژي درماني +  حاضر شامل اطلس كتاب الكترونيكي
 :بوده و هر فصل و شامل) ترتيب حروف الفبا براي دستيابي به آسان به بيماريبه (هر فصل از اين كتاب شامل يك بيماري  .درخواست گردد

39.6 
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  (specific investigations) جدول براي اينكه پزشك چه آزمايشات پاراكلينيكي را درخواست كند -٣)  در بالين و معاينه و شرح حال بايد چه نكاتي جستجو شود (management strategy استراژي درماني-٢اي از بيماري          خلاصه-١
شـده در   باشد و الويت بر اساس نوع مطالعات انجام  ميevidence-Basedبندي بر اساس  اين الويت. باشد بندي درمان مي هاي درماني ديگر پوست الويت نكتة متمايزكننده اين كتاب نسبت به كتاب     )به ترتيب خط اول، خط دوم، خط سوم درمان( درمان -٤ 

كنـد تـا    باشد كه به پزشك كمـك مـي    مي(Clinical trial) مشخصه (B) بوده و (double blind study) مشخصه (A)گذاري شده كه   نام(B) و اسپيرونواركتون (A)هاي خوراكي  به عنوان مثال در درمان آكنه اتروژسن. گذاري شده است  نامA-Eلات از مقا
 .باشد هاي كاملاً رنگي مي  بيماري همراه با عكس٢١٣اين كتاب شامل . سپس خلاصه مقالات در ادامه درمان ذكر شده است. طالعه بيان كندبتواند ارزش دارودرماني را بر اساس نوع م

2003 USING BOTULINUM TOXINS COSMETICALLY   (Jean Carruthers, Alastair Carruthers) 
Introduction Horizontal Forehead Lines Periorbitalarea Infraorbital Orbicularis Oculi MID and Lower Face Perioal Rhytides 

Brow Injections Brow Lift Periorbitalarea Lateral Orbital Wrinkles MID and Lower Face Perioral Rhytides MID and Lower Face Nasalis 

Cervical Injections Vertical Platysmal Bands Acknowledgemetns MID and Lower Face Mouthe Frown and Mentalis Cervical Injections Horizontal Necklace Lines  

40.6 

 

 ارتوپدي  -٧
 CDعنوان  سال انتشار

 A New Generation in Cemented Hip Design   (VCD)   (Part I , II)   (David S. Hungerford,   Clayton R. Perry) ــــــ
Segment I:   Core Decomtpression                Segment II: Trauma Case Studies: Retrograde Femoral Nailing     

1.7 

2001 AO Image Collection  AO Principles of fracture Management  (T.P. Ruedi, W.M. Murphy)  2.7 
2002 AO International AO Teaching Series-LCP   (Thomas P. Ruedi, Prof. Michael Wagner) 

 
Foreword-Basics LCP system LCP cases Literature and studies 
Methods of osteosynthesis 
AO Principles 
Biomechanical Principles 
Surgical techniques 

Description 
Implants and instruments 
Application 
Indications 
Operating techniques 

Humerus 
Forearm 
Pelvis and acetabulum 
Femur 
Tibia 
Periprosthetic 

Related Literature 
Study results 

 

3.7 

2001 AO Principles of Fracture Management  (Thomas P. Ruedi, William M. Murphy)  (CD I , II) 
1- AO philosophy and Its basis  2- Decision making and planning 3- Reduction and fixation techniques           4- Specific fractures             5- General topics     6- Complications 

4.7 

 Atlas of Orthopaedics Surgery  (Disk 1-6) ــــــ
Disk 1: Condylar   Plate Fixation in the Distal Femur, Malleolar Fracture Fixation,  Malleolar Fracture Type B,  Malleolar Fracture Type C,  Tension Band Wiring on the Elbow 
              Femoral Neck Rfacture Large Cannulated System,  Fracture of the Radius Shaft 3.5 LC-DCP,  Screw Fixation and Plating 
Disk 2: Techniques of Absolute Stability,  Proximal Humerus Fracture,  Reduction with Clamps,  Posterior Wall Fracture,  Posteror + Transverse Wall Fracture, 
              Undeamed Tibial Nail (UTN), Intraaticular Fracture of the Distal Humerus 
Disk 3: Fracture of the Tibiaplateau,  Tibia Fracture in Foarm LEG UTN, Reduction Techniq, The Undeamed Femoral Nail System, Dynamic Condylar Screw (DCS), 
            Dynamic Hip Screw (DHS), Pilon Tibial Fractures (Foamed Foot) 
Disk 4: Application of Large Distractor,  AO Asif External Fixator,  PC-FIX Point Contact Fixator an Internal Biologicl, The Proximal Femoral Nail (PFN), 
            Bicondylar Fracture of Tibia Plateau,  Minimal Invasive Plating of the Tibia 
Disk 5: Direct and Indirect Reduction Techniques,  Short Oblique Radius Fracture,  Small External Fixator,  Intraarticular Fracture Distal Radius, Distal Radius, 
            Open Reduction & Fractures of the Calcaneus,  Postoperative Treatment,  Internal Fixation of a Humeral Shaft Fracture 
Disk 6: High Cinematography of a Butterfly Fracture,  Posterior,  Pelvic Fixations Symphysis Pubis & Pubic Rami,  Pelvic Fixations, Anterior Plate Fixation 53028,  
            The Pelvic C-Clamp,  Liss Less Invasive Stabilization System,  LCP Locking Compression Plate 

5.7 

2003 Body in Motion   (Susan K. Hillman) 
-Anatomy    -Content   -Everything    -Anatomy Text    -Surface Anatomy Videos   -Muscle Aciton Videos 

6.7 

 CCC (Core Curriculum in Primary Care)  Orthopedics/Sport Medicine Section ــــــ
1- Introduction 2- Orthopedic Procedures: A Rheumatology's Perspective 3- Xercise and Aging A Prescripton for life          4- Foot and Ankle Problems Part Two 

7.7 
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 Click'X VenttoFix SynCage   (J. Webb, O. Schwarzenbach J. Thalgott)   (VCD)   (AO ASIF OFFICIAL TAPE) 8.7 ــــــ

   FRACTURES IN ADULTS   (ROCKWOOD AND GREEN'S) ــــــ
1- General Principles  2- Upper Extremity            3- Spine 4- Lower Extremity 

9.7 

 FRACTURES IN CHILDREN   General Principlse Upper Extremity Spine Lower Extremity (ROCKWOOD AND WILKINS)   (James H. Beaty, James R. Kasser)  10.7 ــــــ
 FRACTURES OF THE PELVIS AND ACETABULUM   (G.F. Zinghi, A. Briccoli, P.Bungaro)    (Salekan E-Book) 11.7 ــــــ
 Gait Analysis  an introduction  (Third Edition)  An interactive multi-media presentation produced using polygon software  (Micheal W. Whittle) 12.7 ــــــ
___ Imaging of Spinal Trauma in Children  (Lawrence R. Kuhns, M.D.)   (University of Michigan Medical Center) 

Principles AND TECHNIQUES ATLAS OF SPINAL INJURIES IN CHILDREN 
Epidemiology Normal Spine Variants and Anatomy Special Views and Techniques Cervcal Spine Lumbar Spine 
Measurements Mechanisms and Patterns of Injury Experimental and Necropsy Data Thoracic Spine Sacrococcygeal Spine 

Occipitocervical Injuries Thoracic Spine Injuries Sacral Injuries Lumbar   

33.1 

 Interactive Spine .1 ــــــ
2. Interactive Hand 
3. Interactive hand therapy 
4. Interactive Hip 
5. Interactive Shoulder  
6. Interactive Knee 
7. Sports Injuries The Knee 
8. Interactive Food and Ankle 
9. Interactve Skeleton 
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13.7 

 Internal Fixation of a Humeral Shaft Fracture with the UHN    (P.M.Rommens, J. Blum) ــــــ
-Technical Information        -Operation        -Postoperative Concept      -Poat-op –X-ray control      - Poat-op treatment 

14.7 

 MASTER TECHNIQUES IN ORTHOPAEDIC SURGERY  RECONSTRUCTIVE KNEE SURGERY  Southern California Center for Sports Medicine Long Beach, California  (DOUGLAS W. JACKSON, M.D.) ــــــ
 : شاملCDمباحث اين . باشد  مطالب در آن ميserch بوده و قابليت TEXT گرديده و شامل تمامي مباحث كتاب به صورت ebookالذكر است كه در مركز خدمات فرهنگي سالكان تبديل به  شامل كل متن كتاب فوق كه CDاين 

Operating Room Environment 
PART I EXTENSOR MECHANISM PATELLOFEMORAL PROBLEMS 
       Arthroscopic Lateral Release of the Patella with Electrocautery Anteromedial Tibial Tubercle 
Transfer Patellectomy 
PART II MENISCUS SURGERY 
          Meniscus Repair:   The Outside-In Technique 
          Meniscus Repair:   The Inside-Out Technique 
          Meniscus Repair:   The All-Inside Arthroscopic Technique 
PART III LIGAMENT INJURIES AND INSTABILITY 
         Anterior Cruciate Ligament Reconstruction 
         Arthroscope-Assisted Posterior Cruciate Ligament Repair/Reconstruction 
         Posterolateral Corner Collateral Ligament Reconstruction 
         Surgical Technique for Knee Dislocations 
         High Tibial Osteotomy in Knees with Associated Chronic Ligament Deficiencies 

PART IV INTRAARTICULAR FRACTURES OF THE TIBIA AND PATELLA 
         Arthroscopic Management of Intraarticular Tibial Fractures 
         Arthroscopically-Assisted Fixation of Patella Fractures 
         Open Reduction Internal Fixation of Intraarticular Fractures of the Tibia 
 
PART V ARTICULAR CARTILAGE AND SYNOVIUM 
         Arthroscopic Chondroplasty 
         Osteochondritis Dissecans 
         Arthroscopic Synovectomy 

 

15.7 

 Magnetic Resonance Imaging in Orthopedics and Sport Medicine (David W. Stoller) ــــــ
 : شامل مباحث زير استباشد و  در ارتوپدي و طب ورزش ميMRIافزار در ارتباط با كاربرد   اين نرم

  تومورهاي استخوان و بافت نرم-١٦ بعدي  سه MRI تكنيك بازسازي جهت -١١ MRI اثرات بيولوژيك و ايمني در -٦ MRI تهية تصاوير -١
   آسيبهاي عضلانيMRI -١٧ (Hip) مفصل ران -١٢  عضروف مفصلي و دژنراسيون عضروفيMRI -٧  جهت سيستم موسكولواسكلتالEcho-Planar اصول تصويرسازي -٢
   شانه-١٣  مچ پا و پا-٨  زانو-٣

35.1 
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  (TMJ) مفصل كمپورومانديبولار -١٤  مچ دست و دست-٩  آرنج-٤
٥- Kinematic MRI تصويربرداري -١٥  ستون فقرات-١٠ MRIاز مغز استخوان    

 MATHYS  ORTHOPAEDICS   (VCD)  (Video-Atelier Othmar Keel AG) ــــــ
-CCA   - Straight Shaft   -CCE   -Vault Pan   -CCB    -Socket    -CBC Stem    -RM Cup 

16.7 

 MATHYS-ORTHOPAEDICS  HIP PROSTHESES  (VCD) ــــــ
 
1. Cemented Stem-CCA  2. Cemented Cup-CCB  3. Cementless Steam-CBC  4. Cementless Cup-RM Cup 

17.7 

2003 Operative Arthroscopy   (Third Edition)  (John B. McGinty) (Lippincot, Williams & Wilkins) 
Shoulder:  
Arthroscopic Cuff Repair: -Mssive U-Shaped Tear: Subscapulais, Infraspinatus and Biceps  (Stephen S. Burkhar, MD San Antonio, Texas) 
                                              -Partial: Repair of Oartial Articular Sufrace Rotator Cuff Tear (Stephen S. Burkhar, MD San Antonio, Texas),   San Antonio, Texas 
Slap Lesions:                       -Arthroscopic Repair of the Slap Lesion (Stephen S. Burkhar, MD San Antonio, Texas) 

18.7 

2003 Operative Arthroscopy   (Third Edition)  (John B. McGinty) (Lippincot, Williams & Wilkins) 

Hip: Southern Sport Medicine & Orthopaedic Center 
Operative Hip Arthroscopy: -Dense Soft Tissue Envelope    -Constrained Ball and Socket Anatomy     -Thick Capsule, Limited Compliance 

19.7 

2003 Operative Arthroscopy   (Third Edition)  (John B. McGinty) (Lippincot, Williams & Wilkins) 

Ankle:  Ankle Arthroscopy  (James Tasto M.D.) 
            - Ankle & Subtalar Arthroscopy 

20.7 

2003 Operative Arthroscopy   (Third Edition)  (John B. McGinty) (Lippincot, Williams & Wilkins) 
 
Wrist: Wrist Arthroscopy (Robert Richards MD FRCSC) 
           -Portal Markings   -Establishing the 3/4 Portal    -Radiocarpal Arthroscopy 
Carpal Tunnel Release 

21.7 

2003 Operative Arthroscopy   (Third Edition)  (John B. McGinty) (Lippincot, Williams & Wilkins) 
 
Knee (CD-1):  Arthroscopic meniscal repair:  -suture repair    -implantable fixation 
Knee (CD-2): -ACL     -Complex articular surface injuries     -Fractures     -Patellofemoral 

22.7 

 Operative Arthroscopy  (SECOND EDITION)  (John B. McGinty) ــــــ
 
1- Basic Principles     2- The Knee 3- The Shoulder    4- The Elbow            5- The Wrist 6- The Foot and Ankle              7- The Temporomandibular Joint             8- The Spine      9- The Hip 

23.7 

1999 Operative Orthopaedics   (Ninth Edition)  (CAMPBELL'S)   (S. TERRY CANALE) 
 .باشد  چاپ با تمامي تصاوير مرتبط با كتاب ميSerchباشد و قابليت   كامل كتاب كمپل ارتوپدي ميTEXT شامل CDاين 

24.7 

2003 OPERATIVE ORTHOPAEDICS  (CAMPBELL'S) 
 : شاملCDهاي اين  باشد كه فيلم  كتاب كمپل ميTEXTهاي جراحي مرتبط با  ل شامل عمCDاين 

Trochanteric osteotomy-hip revision Arthroscopic assisted ACL reconstruction Screw fixation SCFE Intramedullary nailing forearm fracture 
Reconstruction nailing femoral fracture Chevron osteotomy hallux valgus Ligament balancing Knee arthroplasty ORIF calconeal fracture 
Anterior Cervical discectomy & fusion     

25.7 

2002 ORTHOPAEDIC SURGERY  (Third Edition)  (CHAPMAN) 

- Surgical Principles and Techniques - Fractures, Dislocations, Nonunions and Malunions                                  - The Hand                                      - The Foot  

26.7 
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- Sport Medicine   - Neoplastic, Infectious     - Neurologic and Other                      - Joint Reconstruction, Arthritis, and Arthroplasty 
- Skeletal Disorders   - The Spine      - Pediatric Disorders 

2003 OPERATIVE  ORTHOPAEDICS   (CAMPBELL'S)   (Tenth Edition)  (Volume 1-4)   (E-Book)  (S. Terry Canale, MD) 27.7 
2001 PEDIATRIC  ORTHOPAEDICS  (Lovell and Winter's)   (Fifth edition)   (Salekan E-Book)    (Volume II) 

KYPHOSIS THE UPPER LIMB SLIPPED CAPITAL FEMORAL EPIPHYSIS 

SPONDYLOLYSIS AND SPONDYLOLISTHESIS DEVELOPMENTAL HIP DYSPLASIA AND DISLOCATION DEVELOPMENTAL COXA VARA, TRANSIENT SYNOVITIS,  
AND IDIOPATHIC CHONDROLYSIS OF THE HIP 

THE CERVICAL SPINE LEGG-CALVE-PERTHES SYNDROME THE LOWER EXTREMITY 
LEG LENGTH  DISCREPANCY THE FOOT THE LIMB-DEFICIENT CHILD 
SPORTS MEDICINE IN CHILDREN AND ADOLESCENTS MANAGEMENT OF FRACTURES THE ROLE OF THE ORTHOPAEDICS IN CHILD ABUSE  

28.7 

 Photographic manual of Regional Orthopaedic and Neurological Tests ــــ
 

. انـد  بندي شده  احي و قسمت  فصول بر اساس محل مورد معاينه طر      . اند در مواقع لزوم تصاوير آناتوميك ضروري نيز اضافه شده        . سازد باشد كه نحوة انجام تمام معاينات نورولوژيك و ارتوپديك را با جزئيات تمام روشن مي                تصوير مي  ٨٥٠ شامل بيش از     CDاين  
در ضـمن يـك   . دهنـد توضـيح داده شـده اسـت        هايي كه نحوة انجام معاينـه را بوضـوح نشـان مـي              در يك صفحه يا دو صفحه مقابل هم با عكس          Testهر  . شوند هاي تحتاني ختم مي    معاينات از فقرات گردني و اندام فوقاني شروع و به فقرات كمري و اندام             

Sensitivity/Relialility Scale نمايد تر كمك فراوان به پزشك مي هاي حساستر و اختصاص اين اطلاعات در بكارگيري تست. سازد  نيز براي هر معاينه تعريف شده است كه ميزان حساسيت و قابليت اعتماد به آن معاينه را مشخص مي. 

29.7 

 Radiology imaging Bank:    Orthopeadic 
1. Section        2. History       3. Findings      4. Diagnosis       5. Images      6. Classification     7. Imagenumber 

45.1 

 Range of Motion-AO Neutral-O Method   30.7 ــــــ
 SPINE  (VCD 1-A)   (J. o' Dowd, P. Moulin, E. Morscher P. Moutin, J. Webb, M. Aebi) ــــــ

Pedicie Identification   (Conultant: J. O'Dowd) Cervical Spine Locking Plate: Corporectomy C6    (P. Moulin) Cervical Spine Locking Plate 
Vertebrectomy C6 (J. Webb, M. Aebi) 

Posterior Plating Technique 
C6 to T1  (J. Webb, M.Aebi) 

CS-Titanium Locking Plate (E. Morscher P.Moutin) Cervical Spine  Locking Plate (P. Moulin) Posterior Cervical Plate Fixation ( C2-T1)  ( j.wEBB, M.Aebi)   

31.7 

  SPINE  (VCD 1-B)   (M. Aebi, J. Webb, Ghr. Ulrich, J. Nothwang, B. Jeanneret, M. Aebi J. Webb, J. Webb, M. Aebi P. Bryne) ــــــ
AnteriorFixation of the Dens with Cannulated Screws ( M. Aebi, J. Webb   Ghr. Ulrich, J. Nothwang) U.S.S: Lumbosacral Stabilisation: Back-Opening Pedicte Screws  (M. Aebi J. Webb) 
Cervix: Fixation C3-C7 in Presenceb of a Laminectomy  ( B. Jeanneret) USS: Lumbosacral Fusion Sacral Implants  (J. Webb  M.Aebi  P.Bryne) 
U.S.S: Lumbar Degenrrative Scotiosis Side-Opening Pedicte Screws  (M.Aebi  J.Webb)   

32.7 

  SPINE  (VCD 1-C)   (J. Webb, M. Aebi, G.Wisner, J. Webb M. Aebi, J. Webb M. Aebi, J. O'Dowd) ــــــ
USS: Lumbosacral Stabilisation Side Opening Pedicle Screws  
(J.Webb, M.Aebi, G. Winsner) 

Universal Spine System Thoraco - Lumbar 
Fractures  (J. Webb   M. Aebi) 

Universal Spine 
System: 

Right Thoracic Scoliosis: Side Opening hooks & Screws  
(J.Webb, M.Aebi, J.O'Dowd)  

33.7 

 SPINE  (VCD 1-D)   (J. Webb, O. Schwarzenbach, J. Thalgott & J. Webb, J. Webb) ــــــ
Click'X   (J.Webb) The Snterior Rod System   (J.Thalgott & J.Webb) Contact Fusion Cage  (J.Webb)  

34.7 

 SPINE implants     (CD I , II) ــــ
CD I   :  در اينCDشود شود و اطلاعات كاملي راجع به پروتزهاي جانشين جسم مهره داده مي كارگذاشتن پروتزهاي مهره نشان داده مي  نحوة جراحي و به. 

CD II : در اينCD ذاشتن دستگاه  نحوه جراحي و بكارگDiapasone-hookشود هاي كمري در درمان موارد تروماتيك و اسكوانيور نشان داده مي  بر روي مهره. 

35.7 

1999 Surgery of the  Foot and Ankle  (Michael J. Coughlin, Roger A. Mann) 
 
Volume One: 
1. General Considerations 2. The forefoot             3. Postural Disorders  4. Neurologic Disorders             5. Arthritic Conditions  
Volume Two: 
1. Miscellaneous Disorders 2. Sports Medicine      3. Pediatrics  4. Trauma 

36.7 

2001 Surgery of the Knee   (Third Edition)   (John N. Insall, W. Norman Scott) 
1- VIDEO     2- PHOTOS    3- ILLUSTRATIONS    4- 3D KNEE    5-IMAGING 

37.7 
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- Anatomy       -Anatomical Aberrations      -Biomechanics     -Imaging      -Surgical Approaches 
 The Adult Hip On CD  38.7 ــــــ
 The Shoulder  (2nd Edition)  (Rockwood and Matsen) ــــــ

1- Disorders of the Acromiocavicular Joint                  2- Disorders of the Sternoclavicular Joint                   3- Glenohumeral Instability              4- Glenohumeral Arthritis and Its Management 
39.7 

 The Unreamed Femoral Nail System    (N. Sudkamp  P. Duwelius) 40.7 ــــــ

 Video Collection Labor for Experimental Orthopaedics Surgery     AO/ASIF VCD   (CD 1-10) ــــــ

 VCD 1-A      ( R Texhammar, P Holzach)  
AO/ASIF Instrumentation Care and Maintenance PreOperative Preparation of the Patient Approaches to the Femur, Pelvis Knee and Elbow 

 
VCD 1-B     (P Matter M.D., S.M. Perren, B Noesberger) 
 

Approach to the Proximal Femur and Elbow After-Care Following Lower Leg Surgery Dynamic Compression Unit Approaches to the Upper Limb Reduction Techniques DCP 4.5 Compression Tibial Shaft 

 
VCD 1-C   (B Noesberger, J.Stadler, P. Holzach, Th. Ruedi)  

DCP 4.5 Butterss Tibial Plateau LC-DCP 4.5 for the Distal Tbia DCP 3.5 Radius Shaft 3.5 LC-DCP DCP 4.5 Neutralization Plate of a Spiral Fracture Fracture of the Radius Shaft 3.5 LC-DCP with Shaft screws 
 
VCD 2-A   (S.M. Perren, K.M. Pfeiffer M.D.) 
. Correctional Osteotomy (dist. Radius)           . Basic Lag Screw Techniques    . Internal Fixation of a Closed Butterfly Fracture of Right Tibia (Operation Video) 
 
VCD 2-B  (Th. Ruedi, J. Mast M.D., P.E Ochsner) 

Fracture of the Lateral Tibiaplateau Indirect Reduction and Plate Fixation of a Pilon Fracture Malleolar Fracture Type B 
Pilon Fracture Malleolar fracture Type A Malleolar Fracture Type C 

 
VCD 2-C   (T.Ruedi, P.Holzach, Th. Ruedi M. Schuler, P. Hozach, P Regazzoni, Th. Ruedi M.D.) 

Proximal Humerus Fracture Tension Band Wiring of the Elbow Intaarticular Type C Fracture of the Distal Humerus Condylar Plate Fixation in the Distal Femur 
Distal Humerus Fracture Type C 1.3 Dynamic Hip Screw Dynamic Condylar Screw (DCS) Proximal Femur  

 
VCD 3-A     (R. Ganz R.P. Jakob P.Koch, Th Ruedi M.D., P.Regazzoni) 

Condylar Plate Proximal Femur Large Cannulated Screw System AO/ASIF External Fixator  
VCD 3-B 

Small External Fixator Using the Small Air Drill 
Distractor Handling Compact Air Drive Basic Operating  Procedure & Working with attachments 
Consultant Seija Pearson Intramedullary Nailing with the AO/ASIF Universal Femoral Nail 

AO Universal Femoral Nail With Distractor 

 
VCD 3-C     (R. Frigg, D. Hontzsch, Th. Ruedi) 
 

The Interlocking of the Universal Femoral Intramedullary Nail Intramedullary Nailing of the Tibia 
Opening Procedure of the Tibial Cavity for Intramedullary Nailing Intramedullary Nailing of the Tibia with a Pseudarthrosis 
The Universal Tibial Nail Mid-Shaft Tibial Fracture Locked Universal Nail 

 
VCD4    (R. Frigg, Ch. Krettek) 

UTN Unreamed Tibial Nail Distal Aiming Device for UTN  

41.7 
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 پزشكي  چشم-٨
 CDعنوان  سال انتشار

2001 Atlas of Clinical Oncology  Tumors of the Eye and Ocular Adnexa (American Cancer Society)   (Devron H. Char, MD) 
 :باشد  شامل مباحث زير ميCDاين 

1- LID AND CONJUNCTIVAL TUMORS                 2- UVEAL AND INTRAOCULAR TUMORS               3- RETINAL AND OPTIC NERVEHEAD TUMORS                 4- ORBITAL TUMORS 

1.8 

 ATLAS OF OPHTALMOLOGY (RICHARD K. PARRISG II)   (CD I , II)  (Mosby) 2.8 ــــ
 ATLAS OF OPHTHALOMOLGY (SUE FORDRONALD MARSH) (Mosby) ــــ

تـرين   شـده   هاي ذيـل كـه حـاوي معتبرتـرين و شـناخته      CD. آئي لازم را نخواهد داشت      هاي مربوطه تأثير و كار       بدون همراهي اطلس   textپزشكي كاملاً معلوم و مشخص بوده، مطالعة كتب           هاي علم پزشكي خصوصاً چشم      اخهارزش يك اطلس خوب در تمامي ش      
ها چه به هنگام آموزش و  در كنارداشتن اين اطلس. باشند  مورد نظر در كمترين زمان ممكن ميCase و جستجوي Searchنظير آن داراي قابليت  شدن از كيفيت بي ندين برابر بدون كاستهباشند، علاوه بر توانائي بزرگنمايي تصاوير تا چ پزشكي مي هاي چشم اطلس

 .كننده خواهد بود ر مفيد و كمكهاي نسبتاً نادر در كلينيك بسياCase و مواجه به Practiceيادگيري در دورة دستياري و چه به هنگام 

3.8 

2003 Basic and Clinical Science Course  Retina and Vitreous  (Section 12)  (American Academy of Ophthalmology)  (SALEKAN E-BOOK) 4.8 

5.8 

6.8 

 ــــ
 

Basic Ophthalmology 
Physiology of the Eye 
OPHTHALMOLOGY  (Myron Yanoff.Jay S. Duker) (Mosby) 

ديدن اشكال شـماتيك زيبـا و نيـز    . پردازد هاي پزشكي مي هاي چشم در سطح نياز دانشجويان پزشكي، پزشكان عمومي و پزشكان متخصص در ساير رشته  به توضيح آناتومي و فيزيولوژي چشم و راههاي بينائي، مكانيسم عيوب انكساري و نيز بيماري            CD ٣اين  
 پزشكي نيز خالي از لطف نخواهد بود ها براي متخصصين محترم چشمCDموجود در اين هاي مختلف چشمي  تصاوير بيماري

7.8 

 Clinical update course on Retina ــــ
CD فوق از سري CD هاي آموزشي(Lifelong education for the ophthalmologist) LEOپزشكي آمريكا   متعلق به آكادمي چشم(AAO)١٥باشد كه در قالب   مي Lectureو فيلم آموزشي، مروري دارد بر جديدترين متدهاي درماني در فيلد و تيره و رتين  .

 .اشاره نمود...  و AMD ،DR ،BRVO ،macular hole ،endophthalmitisهاي درمان  توان به شيوه  ميCDشده در اين  از جمله مباحث مطرح

8.8 

 Clinical Update Course on Neuro-ophthalmology  (Peter J. Savino, MD, Steven E. Feldon. MD, Barrett Katz, MD, Thmas L. Slamovits, MD) ــــ
تـوان بـه     مـي CDباحـث مهـم آمـوزش داده شـده در ايـن      از جملـه م . نام اين رشته آورده شـده اسـت    از استادان صاحبLecture ٩پردازد كه در قالب  هاي حاصله در آنها مي هاي تشخيصي و درماني گلوكوم و آخرين پيشرفت         به معرفي روش   CDاين  
Perimetry ،LTP و CPCاشاره نمود . 

9.8 

 Complications in Phacoemulsification    (SALEKAN E-BOOK) ــــ
اشـكال شـماتيك و   . پـردازد   ، عوارض احتمالي، شيوة تشخيص به موقع و چگونگي برخورد با آنها مـي Phacoف عمل جراحي  تماماً به توضيح تكنيكهاي مختل… , H. Fine،   H. Gimbelجمله   هاي حال حاضر در دنيا منphacosurgenترين  به قلم برجسته

 .نظير است كننده و در نوع خود بي ها بسيار كمك  آنmanagementتصاوير رنگي آن در درك مكانسم و علت بروز عوارض و چگونگي پيشگيري و نيز 

10.8 

1999 CONTACT LENS COMPLICATIONS   Efron Grading Morphs  For the clinical assessment of contact lens complications (NATHAN EFRON, PHILIP MORGAN) 
 

 epithelial polymegethism ، epithelial microcystes ،papillary عوارضي چـون  Gradingخيص و دهد بطوريكه تش  عوارض مختلف ناشي از كاربرد لنزهاي تماسي و چگونگي پيشرفت و سير آنها را به صورتي بسيار زيبا و بيادماندني نمايش ميCDاين 

conjunctivitis گردد ميسر مي...  و. 

11.8 

2004 Clinical Practice in Small Incision Cataract Surgery  (Phaco Manual)  (VCD I , II) 12.8 
 Dodick Laser Photolysis  (Ultra Small Incision Cataract Surgery)   (Jack M. Dodik) ــــ

Journal of Cataract & Refractive Surgery Surgical Cases Provided by Photolysis System Manufacturer  
13.8 

2000 Diabetes And The Eye   (Hamish MA Towler, Julian A Patterson, Susan Lightman)   Department of Clinical Ophthalmology Institute of Ophthalmology University College London 
 

همچنـين  .  آموزش داده شده استtext و بالاخره ليزرتراپي به عنوان يك روش درماني مهم به كمك عكس و Fluorescein angiographyجمله  هاي تشخيصي من پاتوفيزيولوژي، روش. نمايد  ارائه ميdiabetic retinopathy آموزش جامعي از مقولة CDاين 
CD مذكور داراي قابليت Seff-testباشد الب موجود در آن مي از مط. 

14.8 
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2000 DICTIONARY OF VISUAL SCIENCE AND RELATED CLINICAL TERMS (Henry W. Hofstetter, John R. Griffin, Morris S. Berman, Ronald W. Everson) 15.8 
2004 Duane’s Ophthalmology (Foundations of clinical Ophthalmology) (LIPPINCOTT-RAVEN) 16.8 

 Endoscopic Dacryocystorhinostomy (DCR) Advantages and Indications    (David I. Silbert, MD FAAP)    (CD I , II) 17.8 ــــ
 EENT   Welch Allyn Institute of Interactive Learning 18.8 ــــ

2005 European Society of Cataract & Refractive Surgeons   ROME    9th ESCRS Winter Refractive Surgery Meeting 19.8 
 Endoscopic Laser Assisted Lacrimal Surgery  (Russel S. Gonnering, MD)   (VCD) ــــ

 .نمايد شيوه كمتر تهاجمي در جراحي مجاري اشكي پرداخته، فوايد آن را بررسي مي به آموزش اين VCDاين . هاي زيادي برانگيخته و مخالفان و موافقان زيادي دارد  بحثendoscopic laserجراحي سيستم لاكريمال به كمك تكنيك نسبتاً جديد 
20.8 

21.8 

22.8 

 Enucleation Techniques With MEDPOR Orbital Implant   MCP Placement in a Vascularized MEDPOR Implant    (VCD)  (Charles N. S. Soparker, Peter A. D.) ــــ
Natural Movement For Artificial Eyes With MEDPOR Biomaterial Orbit Implants ans the MEDPOR MPC Motility Coupling Post   (VCD)  (POREX) 
Orbital Floor reconstruction using MEDPOR surgical implants 

٣VCD هاي كاشت ايمپلانتهاي   فوق مجموعاً تكنيكMEDPOR٢. دهند يهاي ترميمي اربيت آموزش م  را در جراحي CDهاي   اول ابتدا به روشenucleation  سپس به طريقة كاشت ايمپلانـت ،MEDPOR   و در انتهـاب بـه drilling   آن و قـراردادن پروتـز 
 .شود  آموزش داده ميMEDPOR Surgical implantت به كمك هاي كف اربي  سوم چگونگي ترميم و بازسازي دفكتCDدهد در   قابل قبول آن را نمايش ميMotilityپردازد و   ميMCP و implantمربوطه روي مجموعة 

23.8 

 Facial Plastic & Reconstructive Surgery   (Terence M. Davidson, MD)  (VCD I , II) 16.2 ــــــ

 FUNDAMENTALS OF CORMEAL TOPOGRAPHY ــــ
هاي مختلف قرنيه بطور  هاي احتمالي و نيز سير تغييرات توپوگرافي و حالات و بيماريartefactمكانيسم و چگونگي عملكرد دستگاه، نحوة تفسير توپوگرافي قرنيه، انواع موارد طبيعي و غيرطبيعي،   . ددهن   جمعاً آموزش كاملي از توپوگرافي قرنيه ارائه مي        CDاين دو   

 .شود  توصيه ميOSCEكلينيكي آن جهت شركت در امتحانات  علاوه بر كاربرد CDگيري از اين دو  بهره. اي آورده شده است جامع و قابل استفاده

24.8 

2003 Glaucoma Basic and Clinical Science Course (Section 10)    (Salekan E-Book) 25.8 
 2000 Hereditary Retinal Dystrophies   (Ulrich Kellner, Markus Ladewing, Christoph Heinrich) 26.8 

Highlights of the ASCRS 1995 Annual Meeting 27.8 

Highlights of the ASCRS 1996 Annual Meeting 28.8 

Highlights of the ASCRS 1997 Annual Meeting 29.8 

Highlights of the ASCRS 1998 Annual Meeting 30.8 

Highlights of the ASCRS 1999 Annual Meeting 31.8 

Highlights of the ASCRS 2000 Annual Meeting 32.8 

Highlights of the ASCRS 2001 Annual Meeting 33.8 

 
 

CD هاي مقابل حاوي دهها Lecture در باب Cataract & refractive Surguryتـرين اسـاتيد ماننـد      از برجسته
I.Howard Fine ، ouglas D. Koch، Roger F. Steinert ، Robert J. Cionni باشد كه بـه كمـك    مي...  و

  Phacoemulsificationهاي جراحي كاتاراكت بروش   شده توسط اين استادان، آخرين تكنيك       هاي انجام   فيلم جراحي 
هـاي مـذكور بـه منزلـة كارگـاه          CDمجموعه  . دهد   را آموزش مي   PRK و   LASIKو نيز جراحي كراتورفراكتيو شامل      

هاي    و چه جهت به روزدرآوردن اطلاعات و مهارت        LASIK و   Phacoآموزشي ارزشمندي، چه به منظور آموزش اولية        
 .باشد قبلي مي

Highlights of the ASCRS 2003 Annual Meeting 34.8 
  Highlights of the ASCRS 2005 Annual Meeting 
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35.8 
 Highlights of the XVIIth Congress of the ESCRS VIENNA'99   (EUROPEAN SOCIETY OF CATARACT & REFRACTIVE SURGEONS) ــــ

1. Intrastromal Corneal Rings     2. Multifocal IOLs     3. Cataract Technidues     4. LASIK: Muopia & Mixed Astigmatism     5. Phakic IOLs 
36.8 

 Illustrated Tutorials Clinical Ophthalmology     (Jack J Kansski, Anne Bolton) 37.8 ــــ
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 Implantation of AcryFlex Foldable Lens (Surgery Performed by Dr. Jagdeep M Kakadla) (VCD) 38.8 ــــ

 IMPLANTE MEDPOR MANDIBULAR (VCD), (AJL OPHTHALMIC, S.A.) 39.8 ــــ
  IMPROVING SUCCESS IN FILTRATION SURGERY   American Academy of Ophthalmology  (BRADFORD J. SHINGLETON) ــــ

 
 همچنين به معرفي دو شيوة جديد درمان جراحي بيماران CDاين . دهد طه آموزش ميشده از اعمال جراحي مربو هاي تهيه ها را با كمك فيلم باشد و جزئيات هر كدام از روش  ميFilstratioh Surgeryهاي مختلف   يك دورة كامل آموزشي در مورد تكنيكCDاين 

 .پردازد  ميViscocanalostomy و Deep Sclerectomyگلوكومي يعني 

40.8 

2000 Incomitant Deviatons   (4th edition)   a supplement chapter 17 of Pickwell's Binocular Vision Anomalies  
 

باشد كه علاوه بر توضيح و تشريح  مي...  و Duane's ، Brown'sهاي   و نيز سندرم rectus  و obliqueكاري و فلج عضلات  جمله پركاري، كم  منComitantتر انواع مختلف انحرافات چشمي  نظير جهت كمك به درك بهتر و عميق اي كم موعه مجCDاين  
 .پردازد  به صورت فيلم براي هر كدام از آنها ميCaseاقي هر نوع انحراف به معرفي چندين بندي و تشخيص افتر مكانيسم، پاتوفيزيولوژي، طبقه

41.8 

2003 Intraocular Inflammation and Uveitis   (Section 9)   (SALEKAN E-BOOK) 42.8 
 LEO Clinical Update Course on  Retina   (H. Michael Lambert, Charles. Arr, J. Paul Diechert, Mark W. Johnson, James S. Tiedeman) 43.8 ــــ
 LEO Clinical Update Course on Cataract (Stephen S. Lane, MD, Alan S. Candall, MD, Douglas D. Koch, MD, Roger F. Steinert, MD) 44.8 ــــ

2000 LEO Clinical Update Course on Pediatric Ophthalmology and Strabismus   THE AMERICAN ACADEMY OF  OPHTHALMOLOGY  (American Academy of Ophthalmology) 

CD فوق از سري CD هاي ارزشمند و معتبر(Lifelong education for the ophthalmologist)LEOپزشكي آمريكا   متعلق به آكادمي چشم(AAO)١٣باشد كه شامل   مي Lecture     ادان معروفـي همچـون    همراه بـا اسـلايد و فـيم آموزشـي از اسـت
K.W.Wright و M.X.Repkaشده در اين  از سري مباحث مطرح.  استCDتوان به آمبليوپي، گلوكوم و كاتاراكت اطفال،   ميROPهاي درمان آنها اشاره كرد ، انسداد مجراي اشكي مادرزادي و همچنين انواع مختلف انحرافات چشمي و روش. 

45.8 

2003 Loeil Prental Endoscopie du Vitre Phaco Chop  (VIDEO Media)  (Roussat B. Choukroun J, Boscher C, Lebuisson DA, Amar R, Escalas P) 
 :باشد  شامل عناوين زير ميCDاين 

- Reconnaissance des structures oculaires 
- Lors des echographies prenatales 
- Possibilites et limites actuelles 
Roussat B, Choukroun J (Paris) 

- Anatomie endoscopique normale et Pathologique de la base du vitre anterieur 

Boscher C, Lebuisson DA, Amar R (paris) 

- Le Phaco Chop: Pour que les noyaux durs deviennet un plaisir 
Escalas P (Nantes) 

 

46.8 

 MOVIMIENTQ NATURAL PARA EL OJO ARTIFICIAL (VCD), (AJL OPHTHALMIC, S.A.) 47.8 ــــ
 MVP VIDEO JOURNAL OF OPHTHALMOLOGY 48.8 ــــ
New England Eye Center ــــ   Imaging in Glaucoma 

CDهاي تصويربرداري رتين و   فوق به معرفي جديدترين تكنيكOptic nerveتوان به  هاي تصويربرداري مي از جملة اين روش. پردازد  ي با توجه ويژه به كاربرد آنها در بيماران گلوكومي مSLO ،OCTو نيز بيوميكروسكوپي اولتراسوند اشاره كرد . 

49.8 

 New England Eye Center  Photorefractive Keratectomy (PRK) Course (Helen K. WU, MD, Roger F. Steinert, MD, Michael B. Raizman, MD) ــــ

CDپزشكي   مركز چشم فوق كه توسطNew England تهيه و ارائه شده است در واقع يك كارگاه آموزشي PRK١٥رود كه از طريق   به شمار مي Lecture كه عمدتاً از دكتر Roger F. Steinertباشد كلية مسائل و مباحث   ميPRK    از مشخصات ليـزر بـه كـار 
 .هاي پيشگيري و درمان آنها را آموزش داده است ارض احتمالي و راههاي عمل و بالاخره عو  تا تكنيكPatient sclectionرفته 

50.8 

2002 OCULAR PATHOLOGY  (FIFTH EDITION)  (MYRON YANOFF, MD AND BEN S. FINE, MD)  (Mosby)   (SALEKAN E-BOOK) 

Basic Principles of Pathology Surgical and Nonsurgical Trauma Skin and Lacrimal Drainage System 
Congenital Anomalies Nongranulomatous Inflammation: Uveltis, Endophthalmitis, Panophthalmitis, and Sequelae Granulomatous Inflammation. Conjunctive 
Cornea and Sclera Uvea Lens 
Neural (Sensory) Retina Vitreous Optid Nerve 
Orbit Diabetes Mellitus Glaucoma 
Ocular Melanotic Tumors Retinoblastoma and Pseudoglioma   

51.8 
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 Ophthalmic Lenses & Dispensing    (Mo  JALIE) ــــ
CD فوق از طريق تصاوير شماتيك به آموزش مفاهيم پايه و كاربردي Optic و Refractionدهد  پرداخته، جزئيات و نكات مربوط به تجويز لنز و پريسم جهت اصلاح عيوب انكساري و انحرافات چشمي را مورد بررسي قرار مي. 

52.8 

 Ophthalmic Surgery: principles and Techniques (BLACKWELL SCIENCE) (SALEKAN E-BOOK) 53.8 ــــ
 Ophthalmology   A multimedia tutorial for Primary care physicians and medical students (Robert Johnston FRCOpth, Jonathan Boulton MA MRCP FRCOpth) 54.8 ــــ
 Orbital  Floor Reconstruction  Using Medpor Surgical Implant    (Joseph M. Serletti, MD, Paul Manson, MD)   (VCD) 55.8 ــــ
 PHACO TODAY    (The Latest Development in Phacomulsification and Small Incision Cataract Surgery) (HOWARD FINE, MD) ــــ

اشـكال  . دهـد   را آمـوزش مـي  phacoemulsfication و Anesthesin ،Incisionsهـاي جديـد     ايرادشده است سير جراحي كاتاراكت به روش فيكو را مرور كرده، تكنيكI. Howard Fineيد كه عمدتاً توسط  و اسلاLecture ١٤ در قالب CDاين تك 
 .نمايد  زيادي ميها و تكنيكهاي جراحي در فيكو كمك شماتيك و تصاوير آورده شده در آن به درك بهتر مكانيسم

56.8 

2004 PhcoChop  (Mastering Techniques, Optimizing Technology, and Avoiding Complications)  David F. Chang  
CD-1: Hydrodissection Pearls                                         CD-2: Learning Phacochop 
CD-3: Phacodynamic Principles for PhacoChop,   Vertical Chop and Cold Phaco for Brunescent Nuclel 
CD-4: Strategles for PC Rupture with Nucleus Present,    Bimanual Chop for Cataracts with Large Zonular Defects 

57.8 

 Phacoemyulsification Cataract Surgery (Multimedia Oculosurgical Module)  (Robert M. Schertzer, David X. Pang, MSE, Luanna R. Bartholomew, PhD) (Mosby) ــــ

CD  فوق از سـري CD     هـاي آموزشـي معـروف و معتبـر(Multimedia Oulosurgical Module) MOM    متعلـق بـه انتشـارات Mosby ايـن  . باشـد   مـيCD     نظيـري در زمينـة جراحـي كاتاراكـت بـروش        بـه مثابـة كارگـاه آموزشـي كـم"Scleral tunnel" 

phacoemulsification است كه در قالب فيلم و text دهد آموزش مي  كليه مراحل عمل را به صورتي كاملاً كاربردي و قابل استفاده. 

58.8 

 Physiology of the Eye 
Anatomy of the Eye 3-D Tour of the Eye Development of Vision Physics of Light & Color Illusions & Your Vision Common Eye Conditions  

59.8 

2003 Practical Viewing of the Optic Disc   (KATHLEEN B. DIGRE, M.D.,  JAMES J. CORBETT, M.D. 
 : عبارتند ازCDعناوين اين 

Getting Ready-Preparing to View the Opic Disc What Should I Look for in the Normal Fundus? Is the Disc Swollen? Is the Disc Pale? 

Amaurosis Fugax and Not So Fugax-Vaxcular Disorders of the Eye White Spots-What Are They? Hemorrhage Pigment 

What is That in the Retina? Macula Practical Viewing in Children What to Look for in the Aging 

Viewing the Disc in Pregnancy Practical Viewing of the Optic Disc and Retina in the Emergency Department  

60.8 

 PROVISION INTERACTIVE: Clinical Case Studies (AAO) (Thomas A. Weingeist, MD., ph, D) 61.8 ــــ

 RECONSTRUCCIÓN DE BASE ORBITAL CON IMPLANTE MEDPOR  (VCD), (AJL OPHTHALMIC, S.A.)  62.8 ــــ
 Refractive Surgery  First interactive Symposium   (Marguerite B. McDonald, MD)    (American Academy of Ophthalmology) ــــ

CDفوق يكي از مجموعة دو CD  تهيه شده از اولين سمپوزيوم جراحي رفراكتيو انجمنASCRS به سرپرستي دكتر Manus C. Kraff است كه دربرگيرندة دهها Lectureجمله نام اين رشته من  از استادان صاحب :Jack T. Holladay ،،Roger F. Steinert و  ...
 .PRK و phacoemulsification  ،LASIKها در زمينة جراحي كاتاراكت به روش  ها به همراه فيلم و اسلايدهاي اين مجموعه مروري دارد بر اخرين و جديدترين پيشرفت مجموعة سخنراني. باشد مي

63.8 

 Refractive Surgery in the new millennium. 64.8 ــــ

65.8 
 ــــ

2000 

Evolution in LASIK 
LASIK:  Customized Ablations and Quality of Vision  

 تـا تكنيـك   Patient Selectionرود و شامل تمامي مباحث از معاينات مقدماتي   به شمار ميLASIKباشد، دورة جامع آموزش   مي(AAO)پزشكي آمريكا   متعلق به آكادمي چشم(Ophthalmology Interactive)هاي معتبر CD كه از سري CD ٣مجموعة اين 
 انجام آن و بالاخره عوارض احتمالي و طرق پيشگيري و درمان آنها است

66.8 

 RETINA  (Stephen J. Ryan, M.D., Thomas E. Ogden, M.D.,) 67.8 ــــ
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 RETINA LIBRARY 68.8 ــــ
 Retina & Vitneous        Hereditary retinal dystrophies ــــ

CD    ٤٦٧ترين تا نادرترين آنها در قالب  هاي رتين از شايع تمامي انواع ديستروفي. هاي رتين است   ترين مراجع معتبر در باب انواع مختلف ديستروفي         ع فوق يكي از جام Case داشـتن ايـن   . انـد  نظير مورد بحث و بررسي قرار گرفته  تصوير با كيفيتي كم١٧٠٠ و بالغ برCD  بـه 
 .نمايد  ضروري مي هاي رتين در كلينيك  موارد گوناگون ديستروفيعنوان رفرانسي مصور در مواجه با

69.8 

 Refractive Surgery: A Guide to Assessment and Management  (Shehzad A Naroo) 70.8 ــــ

 Stereoscopic Atlas of Macular Diseases:  diagnosis and treatment   (Fourth Edition) (J. Donald M. Gass, M.D.)   (Mosby) 71.8 ــــ

 Subjective Refraction: Cross Cylider Technique 72.8 ــــ

 SURGICAL TECHNIQUES WITH MEDPORIMPLANTS AND THE MCP (VCD), (AJL OPHTHALMIC, S.A.) 73.8 ــــ
74.8 
75.8 

 ــــ
 

ADVANCED CONCEPTS IN CATARACT SURGERY  The American Society of Cataract and Refractive Surgery   (ASCRS) 

Clinical Update Course on Glaucoma   (Mark B. Sherwood, MD, James D. Brandt, MD, Neil T. Choplin, MD, Joel S. Schuman, MD) 

Techniques in CLEAR CORNEAL CATARACT SURGERY   OPHTHALMOLOGY Interactive) 

  فيكو در انواع مختلـف كاتاراكـت،   hydrodissection ،setting و ظرايف مربوطه، Clear cornea ،capsulorrhexis، انسزيون intracameral ، Prep & drapeحسي تاپيكال و   شامل انتخاب بيمار، بي"Phacoemulsification "Clear corneaتمامي مراحل جراحي كاتاراكت بروش 
 .شود شده توسط استادان بنام اين رشته بطور كامل آموزش داده مي هاي انجام ، تصاوير شماتيك و فيلم جراحيLecture فوق از طريق ٣CDآنها در مجموعة  و بالاخره عوارض احتمالي و طريقة برخورد با Foldable IOLكاشت 

76.8 

2004 Technique of Cosmetic Eyelid Surgery  (A Case Study Approach)  (Joseph A. Mauriello, Jr., M.D.) 77.8 
   TEXBOOK OF OPHTHALMOLOGY (KENNETH W.WRIGHT) ــــ

REVIEW QUESTIONS IN OPHTHALMOLOGY   (KENNETHC. CHERN.KENNETH W. WRIGHT) 
 حتـي بـا   CDاز سوي ديگر، بهـاي  .  از آن نيز فراهم استPrintع مطلب مورد نظر و احياناً تهية كند زيرا علاوه بر اشغال فضاي كمتر و حمل و نقل راحتتر، امكان جستجوي سري            ارزش آنها را دو چندان مي      (CD)در دسترس بودن كتب مرجع بصورت لوح فشرده         

 تهيه شده است، textواس گونه از روي آخرين تجديدنظر كتب  گردد، انحصاراً توسط شركت خدمات فرهنگي سالكان با دقتي وس            معرفي مي  CDدو نمونه از كتب مرجعي كه ذيلاً بصورت         . باشد   معادل آن كه در داخل كشور اُفست شده قابل مقايسه نمي           textكتب  
 .هاي موجود در آنها داراي قابليت بزرگنمائي بوده، از نظر كيفي بهيچ عنوان با كتب افست موجود در داخل كشور قابل مقايسه نيست بطوريكه تصاوير و عكس

78.8 

 THE FAILING GLAUCOMA FILTER:  EARLY IDENTIFICATION & TREATMENT (Bradford J. Shingleton, MD) ــــ

CD فوق تماماً به مقولة Failing Filtration Surgeryهاي طبي و جراحي آن را از طريق چندين  هاي پيشگيري و بالاخره درمان  پرداخته و علل، عوامل مستعدكننده، راهLectureدر اين . دهد هاي آموزشي مربوطه مورد بررسي قرار مي  و فيلمCDهـايي ماننـد    كنيـك  تChoroidal tap و 
bleb revisionباشد بخوبي آموزش داده شده است  كه دانستن آنها براي هر جراح گلوكومي كاملاً ضروري مي. 

79.8 

 The Multimedia Atlas of Videokeratography  Basics of Map Interpretation    (MICHAEL K. SMOLEK, PH. D.) 80.8 ــــ
 The Retina ATLAS ( Yannuzzi,Green) (Mosby) 81.8 ــــ
 THE VIDEO ATLAS OF COSMETIC BLEPHAROPLASTY (8 CDs)   (S.LBosniak) ــــ

هاي جراحي در اصلاح و ترميم كلية مسائل  حسي تا جديدترين تكنيك تلف بيهاي مخ شود و شامل تمامي مباحث از آناتومي پلك و روش  آموزش داده ميS.LBosniakباشد كه توسط استاد برجسته   فوق يك دورة كامل آموزش جراحي پلك ميVCD ٨مجموعة 
 .استفاده از اين مجموعه را بايد به منزلة گذراندن يك دوره كارگاه آموزشي بلفاروپلاستي دانست. باشد مي... جمله، آنتروپيون، اكتروپيون، پتوز، درماتوشالازيس و  و مشكلات پلكي من

82.8 

 Vitreoretinal Course Bascom Palmer Eye Institute's  (William E. Smiddy, Philip Rosenfeld, Patrick E. Rubsamen, Janet L.)  ــــ
CD فوق از سري CD هاي آموزشي(Ophthalmology interactive) OIپزشكي آمريكا   متعلق به آكادمي چشم(AAO) ١٦، حاوي Lecture اي چون  برجسته به همراه اسلايد و فيم از استادانW.E.Smiddy و H.W.Flynnباشد كـه بـه مـرور و معرفـي       مي

 .را نام برد...  و Endophthalmitis ،AMD , ROP ،Dislocated IOLs،tear Giant retinal ،Macular hole:  توان  ميCDاز جمله موضوعات مورد بحث در اين . پردازد آخرين دستاوردها در مورد مباحث مختلف جراحي سگمان خلفي چشم مي

83.8 

 VJO Ophthalmology  (I, I , III ,)  (VCD)  (Charles, H. Cozean, James S. Lewis, Richard J. Mackool) 84.8 ــــ
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  مغز و اعصاب-٩

 CDعنوان  سال انتشار

2004 5 Minute Neurology Consult  (SALEKAN E-BOOK)   (D. Joanne Lynn) 
اي اسـتفاده بلافاصـله و سـريع از آن را راحـت       طراحي شده است فرمت دوصفحهMinute-5باشد كه در قالب سري  به عنوان رفرانس سريعي مي. ها و متخصصين داخلي است ها، رزيدنت ورولوژيست كه براي استفاده نCD اين 
 CD.  باشـد   مـي Miscellaneous و   Basics ،Diagnosis ، Management ، Medications ، Follow upهر مبحث شامل .  يمشو باشد كه در كار باليني به طور شايعي با آنها مواجه مي  بيماري مي٢٠٠شامل بيش از . كرده است

 .باشد شامل فصول زير مي
-Neurologic Symptoms and Signs          -Neurologic Diagnostic Tests            -Neurologic Diseases and Disorders           -Short Topics 

1.9 

2003 55th Annual Meeting March 29-Aprill 5,   American Academy of Neurology  (HAWAII) 
 

 .باشد  در هاوايي مي2003هاي  ارائه شده در كنگره آكادمي نورولوژي امريكا در آوريل  Presentation  تمام مقالات و  Full textافزار شامل اين نرم

2.9 

2000 Abnormal Psychology LIVE and interactive tutorial     (Barlow/Durand's, Durand/Barlow's, Trull/Pharcs) 3.9 
2004 American Academy of Neurology  2004 Syllabi 

 
شده همراه با  بعضي از مقالات ارائه. گردد باشد كه هر موضوع شامل چند مقاله و مبحث مي  مختلف طبابت باليني نورولوژي ميهاي  موضوع در زمينه١٦٠باشد شامل بيش از   مي٢٠٠٤ كه حاصل مقالات آخرين كنگره آكادمي نورولوژي امريكا در سال CD اين 
 .افزار است  بر اساس موضوع و نويسنده از مزاياي اين نرمSearchگردند قابليت  اجرا مي Autorun و به صورت Javaها از طريق  فايل. سازد باشد كه كاربرد آن را براي تدريس و ارائة مجدد دوچندان مي  نيز ميPresentationها و اسلايدهاي   فايل

 :شده عبارتند از مباحث مهم مطرح
Seizure and antiepilep drugs Bedside Neurology Balance and gaif disorder Botutinum Toxin Injection Stroke 
Child Neurology Clinical EEG Clinical EMG Movement disorders Demyelinating dyorden  

4.9 

 Advanced Therapy of HEADACHE  CONQUERING HEADACHE (SECOND REVIED EDITION) An Illustrated Guide to Understanding The Treatment and Control of Headache  (Alan M. Rapoport, Fred D. Sheftell) ــــ
 

 .باشد سه قسمت مي شامل CDاين 
 مبحـث پايـه و   48شـامل  . نوشـته شـده اسـت    )  Newyorkاستاد بخش روانپزشكي دانشـگاه   Yale    ( Fred sheftell)استاد نورولوژي دانشگاه  (Alan rappaport  توسط Advanced Therapy of headache  (1999)  كتاب PDFمتن فايل  )١

 .باشد  بيماران ميmanagementهاي پيچيده، درمان شامل درمانهاي جديد و نيز  ع مختلف سردرد از جمله تشخيصكاربردي مربوط به اصول تئوري و عملي انوا
 درمانهـاي دارويـي  -رين اطلاعات راجع به تقسيم بندي سردردها از نويسندگان فوق كه اطلاعاتي در آن جهت مقابله با سردرد و بهبود نحوة زندگي ارائه شده است كه همراه با آخConquering headache 1998 2nd edition كتاب PDFمتن فايل  )٢

 .هاي غير دارويي ديگر ارائه گرديده است  روش- خواب-اي ورزشي  اصول تغذيه-هاي جديد  تئوري-
  درمان حاد ميگرن و درمان پروفيلاكتيك-تشخيص: مباحث ارائه شده عبارتند از. باشد مي 1998 -1996گردد و شامل سه سال از سال   اداره ميJames W.Lance كه توسط Seminars in Headache mamagement جملة PDFمتن  )٣

 . ميگرن و هورمونهاي جنسي- ايسكمي مغزي ناشي از ميگرن– Post traumatic -مباحث سردردهاي كلاستر

5.9 

2000 Atlas of Functional Neuroanatomy  (Dr. Walter J. Hendelman) 6.9 

2003 Boehringer Ingelheim Satellite Symposium Interanational Stroke Conference    (Phoenix, Arizona) 7.9 
 Brainiac! TM      Medical Multimedia Systems Presents    (Version 1.52)    (An interactive digital atlas designed to assist in learning human neuroanatomy) 8.9 ــــ

1996 Clinical Neurology  (G David Perkin Fred H Hochberg Douglas C Miller)    9.9 
 Comprehensive Textbook of  PSYCHIATRY (Seventh Edition CD-ROM)  (Benjamin J. Sadock, MD – Virginia A. Sadock, MD) ( LIPPINCOTT WILLIAMS & WILKINS) ــــ

، MRIتصـاوير متعـدد آموزشـي،    . اين كتاب الكترونيكي يك كتاب جامع و مرجع در زمينة روان پزشكي اسـت .  تصوير آموزشي و نيز جداول متعددي است كه كاملاً از وضوح بالايي برخوردارند٦٥٠همچنين حاوي . باشد   فصل مي  ٥٥ مشتمل بر     بصورت يك كتاب الكترونيك    CDين  ا
 .باشد برخي از فصول اين كتاب به شرح ذيل مي.  باشد هاي اين برنامه مي رائه كامل منابع در پايان هر فصل، فهرست كامل موضوعات، ارائه داروهاي روانپزشكي و اشكال داروئي مختلف به همراه تصوير آنها از ويژگيها و تصاوير برخي از دانشمندان اين رشته، ا واره طرح
 بيماريهاي اضطراب  -٨ اسكيزوفرني -٧) …,Delirium Dementin) بيماريهاي شناختي -٦بندي بيمارهاي مغزي   طبقه-٥پزشكي    روشهاي تشخيص در روان-٤شناسي آنها   سيب تئوريهاي شخصيت و آ-٣ علوم اعصاب -٢ روانپزشكي اعصاب و رفتار -١

10.9 
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  بيماريهاي اضطراب در كودكان-١٧ عصبي Ticهاي    بيماري-١٦ بيماريهاي ارتباطي  -١٥ بيمارهاي يادگيري -١٤ روان پزشكي اطفال -١٣ها   خودكشي-١٢  Dissociative بيماريهاي -١١ بيمارهاي رواني خواب -١٠ Mood بيماريهاي -٩
 ١٨-  Adoption هاي شخصي از ويژگيهاي ديگر اين برنامه است  متن و تصاوير، اضافه نمودن يادداشتجستجوي تصاوير، توانايي چاپ. هاي تخصصي و اسامي داروها را داراست      اين برنامه توانايي جستجو بر اساس واژه...و ) گذشته در آينده( روانپزشكي -١٩. 

2001 Computational Neuroscience   Realistic Modeling for Experimentalists   (Erik De Schutter) 
Introduction to Equation Solving and Parameter Fitting Modeling Networks of Signalling Pathways Modeling Local and Global Calcium Signals Using Reaction-Diffusion Equations Monte Carlo 
Methods for Simulating Realistic Synaptic Microphysiology Using Mcell Which Formalism to Use for Modeling voltage-Dependent Conductances? Accuate Reconstruction of Neunal Morphology 
Modeling Dendritic Geometry and the Development of Nerve Connections Passive Cable Modeling-A practical Introduction Modeling Simple and Complex Active Neurons Realistic Modeling of 
Small Neuronal Circuits Modeling of Interactions Between Neural Networks and Musculoskeletal System 

11.9 

2001 CONTEMPORARY NEUROSURGERY  A BIWEEKLY PUBLICATION FOR CLINICAL NEUROSURGICAL CONTINUING MEDICAL EDUCATION   (Ali F. Krisht, MD) 12.9 
 Core Curriculum in Primary Care   Psychiatry and Pain Management Section   (Micheal K. Rees, MD, MPH,  Robert Birnbaum, MD, PHD,  James A.D. Otis) ــــ

 
دهـي   ارائه شده براي اجراي عملي در كلينيك جهـت       تمام مباحث و مفاهيم      هاي باليني و بيماران سرپايي است به طوريكه         هاي آموزشي پزشكان طراحي شده است كه عمدة فعاليتشان در زمينه             عمدتاً جهت پاسخگويي به نياز     CCC از سري    CDاين  
 :باشد شامل دو مبحث زير مي.  نمايند  ارائه مي"Current best Standard of therapy" اند و آخرين اطلاعات باليني را با شعار شده
١- Psychopharmacology for primay Care Medicine : كه توسط دكتر Robert Birnbaum از دانشگاه Harvard Medical Schoolهاي زير است گردد و شامل سر فصل  ارائه مي: 

Anxiety disorder- Panic disorder- Social phobia- Specific phobia- Obcessive & Compulsire disorder- PTSD- Generalized Anxiety disorder- Depression-Dysthymia 
٢- : Pain Management كه توسط دكتر James A.D. otis از دانشگاه  Bostonمورد بحث و بررسي قرار گرفته است)  جراحي- رواندرماني- مخدر-دارويي( انواع درمانهاي درد  -بندي  تشخيص دسته-شود و ارزيابي  ارائه مي. 

 .باشد  قابليت انتخاب اسلايدهاي دلخواه جهت ارائه و كنفرانس جداگانه نيز ميCDافزار اين  نرم.  بحث ارائه شده مطرح و پاسخ داده شده استتعدادي سوال در رابطه با م.  باشد   ميprintاي آورده شده است و قابل  ها در فايل جداگانه متن سخنراني

13.9 

Corel Medical Series ــــ   Epilepsy   (Alan Guberman MD, FRCP (C))   (Professor of Neurology University of Ottawa 
 كامـل  Quiz انيميشن و قطعـات ويـدئويي و   -هاي مربوطه آناليز گردد و با تصاوير سر فصل: افزار سعي شده است كه يكسري از مشكلات شايع بيماران مبتلا به صرع شرح داده شود در اين نرم.  از دانشگاه اتاوا طراحي و اجرا شده استAllan Gubermanتوسط دكتر 

 هاي زير است شامل سر فصل.  بوده استproblem based interactive به صورت reviewسعي در آموزش و . گردد افزار محسوب مي  تمامي مطالب از نقاط قوت اين نرمPrint توانايي بازگشت مطالب و قابليت  اطلاعات بيماران و- قويSearch. گردد
Definitions Topic index Epilepsy Notes Patient & Family information Epilepsy Case Study Video Reference list Epilepsy Facts What is Epilepsy Learning Objectives  

14.9 

2002 CRANIAL NERVES   in health and disease   (Second Edition) 

هاي رنگي از مسيرهاي اعصاب كرانيال از اطراف به مغز و از مغز به  شامل تصاوير عالي آناتوميك و طراحي. ا نوشته شده استهاي كاناد باشد كه توسط جمعي از اساتيد جراح و نورولوژيست دانشگاه  مي2002 كتاب فوق چاپ PDF شامل متن CDاين 
 مطرح شده و لـذا بـراي   Problem-orientedاصول بحث بر مبناي . اند  گنجانده شدهCDدر  جهت درك بهتر روابط آناتوميك و اثرات فيزيولوژيك animationچند تصوير . باشد هاي خودآزمايي مي باشد كه در قالب متن، سناريوهاي باليني و تست    اطراف مي 

 . ك گنجانده شده استدر قسمت ديگر فيلم معاينات باليني هر كدام از اعصاب بصورت تك ت. رسد  و چشم پزشكي بسيار مفيد و ضروري به نظر ميENTهاي نورولوژي، جراحي فك و صورت،  ها و متخصصين رشته دانشجويان و رزيدنت

15.9 

2005 Textbook of CRITICAL CARE (Salekan E-book) 
SECTION I   RESUSCITATION AND MEDICAL EMERGENCIES 
SECTION II  TRAUMA 
SECTION III  IMAGING 
SECTION IV CELL INJURY AND CELL DEATH 
SECTION V  INFECTIONS DISEASE 
SECTION VI ENDOCTINOLOGY,  METABOLISM, NUTRITION, PHARMACOLOGY 
SECTION VII CARDIOVASCULAR 
SECTION VIII PULMONARY 

16.9 

 Critical Decisions in Headache Management   (Giammarco. Edmeads. Dodick)    (SALEKAN E-BOOK) 17.9 ــــ
2002 CURRENT MANAGEMENT IN CHILD NEUROLOGY    (SECOND EDITION)   (Bernrd L. Maria, MD, MBA) 

Section 1: Clinical Practice Trends                  Section 2: The Office Visit               Section 3: The Hospitalized Child 
18.9 

 DICTIONARY OF MULTIPLE SCLEROSIS  (Lance D Blumgardt)   (Martin Dunitz) 19.9 ــــ
2002 DISORDERS OF COGNITIVE FUNCTION      (VCD-I)    (AMERICAN ACADEMY OF NEUROLOGY)   (CONTINUUM) 20.9 
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Severe Amnesic Syndrome: Anterograde and Retrograde Amnesia Perseverative Verbal Behavior in Amnesia Semantic Memory Loss Fluctuativng Sensorium in Dementia With 
Left Spatial Neglect Eye Movements in Severe Left Spatial Neglect Anosognosia for Hemiparesis  Paraphasias 
Broca's Aphasia Lewy Bodies Impaired Verbatim Repetition   

2002 DISORDERS OF COGNITIVE FUNCTION      (VCD-II)  (AMERICAN ACADEMY OF NEUROLOGY)   (CONTINUUM) 
 

Wernicke's Aphasia Dysexecutive Syndrome Disinhibited Behavior Grasp Response and Imitation Behavior Positive Signs of Executive Dysfunction Progressive Apraxia 
Negative Signs of Executive Dysfunction Prosopognosia and Visual Agnosia Simultanagnosia Optic Ataxia Ocular Apraxia  

21.9 

2002 DISORDERS OF COGNITIVE FUNCTION      (VCD-III)  (AMERICAN ACADEMY OF NEUROLOGY)   (CONTINUUM) 
 

Basic Mental Status Examination Token Test for Auditory Comprehension Confrontation Naming Finger Constructions Luria 3-Step Test Line Cancellation Gestural Praxis  

22.9 

 EMG Training  (Kenneth Ricker, M.D.) ــــ
افزار توضيحات كافي در مورد نحوة كار  متن همراه اين نرم. كند گردد به تصوير كشيده و صداي آن را پخش مي  بيمار مختلف را همانگونه كه مانيتور مشاهده مي٢٧ از EMG مورد ٧٥.  تهيه شده استTOENNIESافزار كه جهت آموزش الكتروميوگرافي توسط شركت  اين نرم

 .ن زمينه جالب توجه خواهد بود براي مبتديان و نيز افراد مجرب در ايCDآورد اين  ها را فراهم مي  فايلSearch امكان EMG glossary. گردد  به صورت يك فايل مستقل ارائه ميCaseهر . را ارائه كرده است و سؤالاتي را مطرح نموده و پاسخ داده است

23.9 

 ENS Teaching Course ــــ
شده تحت عناوين  مباحث مطرحعمدة . دهد هاي شايع نورولوژي را ارائه مي انگيز نورولوژي جديد و نيز ديدگاه جديد نسبت به بيماري روز را در مورد مباحث عمده و بحث باشد اطلاعات به  مي٢٠٠٣ در سال ENS كه شامل مقالات دورة آموزشي كنگره CDاين 

 .باشد  مختلف نيز ميTitleگيرند كه هر كدام شامل چند  زير قرار مي
Dizziness and vesthg Clinical Neurophysiology Clinical Neuropathology Sleep Disorder Stroke 
Neurogenetics for Clinicians NeuroSurgery for Neurologist Epilepsy Multiple Sclerosis Muscle disorders 
Neuroimaging Neurology of Systemic disease Parkinson's diseane Ultrasound in Neurology Dementia 
ICU in Neurology Movement discords Neuroplathies Current Treatments Neurology  

24.9 

1999 EPILEPSY     The Comprehensive CD-ROM     (Jerome Engel, Jr., M.D., Ph.D., Timothy A. Pedley, M.D.)          Lippincott Williams & Wilkins 

توانـايي .   گنجانـده شـده اسـت   CD در imaging عكـس و  ٨٠٠همچنـين  .  باشـد   سرفصـل مـي  ٢٨٩گيرد كه مشـتمل بـر     كتاب را در برميFull text .   طراحي شده استEpilepsy: A comprehensive textBook كه براساس كتاب  CDاين 
 Weblink- Seasch گردد افزار محسوب مي آوري گرديده است از نقاط قوت اين نرم  رفرانس كه توسط نويسنده جمع٥٠٠ و خلاصه مقالات بيش از. 

25.9 

2002 Essentials of Clinical Neurophysiology   (Karl E. Misulis MD. PhD,  Thomas C. Head MD) 26.9 
 Foundations of  NEUROBIOLOGY ــــ

 . قسمت زير است٥  و تكميل اطلاعات افرادي كه با علوم مربوط به اعصاب و بيولوژي سروكار دارند، طراحي شده است و شامل Self evaluattion به منظور CDاين 
دهـد بـا     آمادگي سخنراني كه به ما امكان مي-٤   Expansion Module -٣.   هاي ويدئويي آموزنده و بيادماندني به همراه توضيحات كتبي راجع به هر قطعه فيلم مها و فيل   انيميشن-٢.         بندي شده و جهت دارند ها كه فهرست  خودآزمايي-١

 .اند هاي متعدد ارائه گرديده اند و لينك  معرفي شدهNeurobiologyهاي مربوط به علوم   ، سايتCDدر بخش ديگري از .   ببريمها يا تدريس از آنها بهره  مخصوص به خود را ساخته و جهت ارائه در كنفرانسCD ، play listهاي موجود در  اشكال و فيلم

27.9 

 Foundations of Behavioural Neuroscience ــــ
 .باشد  بخش عمده زير مي٥ شامل CDاين 

- Neural Communication        - Central Nervous system          - Research methods             - Visual System            - Control of movements 

 Quizدر چند فصل سـوالاتي بـه عنـوان    . نمايد  مهمي به يادگيري علوم پايه اعصاب مياي مطالب كمك فهرست درختچه. باشد  كامل ميglossary , Searchهمراه با موتور . باشد هاي نوروني مي حاوي تصاويري با طراحي عالي و استفاده راحت جهت فهم جزئيات پيچيده و ريز ساختمان
 .ها و يادگيري مناسب است اند كه جهت تكميل آموخته مطرح شده

28.9 

 FUNDAMENTALS OF HUMAN NEURAL STRUCTURE  (S. Mark Williams) (Sylvius TM 2.0) 29.9 ــــ
 General depression and its pharmacological treatment (Professor Brain Leonard)     (VCD) 30.9 

2004 Guidelines  (American Academy of  Neurology)    (SALEKAN E-BOOK) 
 .دهد  با دسترسي آسان در اختيار كاربر قرار ميOfflineده است كه كليه مقالات را به صورت  در آمSalekan E-Book در قالب Searchباشد به صورت فايل قابل   هاي تشخيصي درماني آكادمي نورولوژي آمريكا ميGuidline كه شامل آخرين CDاين 

- Brain Injury & Brain Death    - Child Neurology      - Dementia     - Epilepsy     - Headache    - Movement Disorders    - Multiple Sclerosis     - Neuroimaging     - Neuromuscular     - Stroke and Vascular Neurology     -Technology Assessment   

31.9 
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 Human Brain Cancer: Diagnostic Decisions   (Lauren A. Langford, MD, Dr. med,)    American Medical Association 32.9 ــــ
2002 Interactive Guide to Human Neuroanatomy   (Mark F. Bear, Barry W. Connors, Michael A. Paradiso) 

 

Atlas:    -Surface Anatomy of Brain            -Cross-Sectional Anatomy of Brain          -The Spinal Cord   -The Anatomy Nervous System    -The Cranial Nerves   -The Blood Supply to the Brain  
Exam:I  -Surface Anatomy of the Brain      -Cross-Sectional Anatomy of the Brain     -Comprehensive Exam 

33.9 

 ICU Syllabus ــــ
 ٢٠٠٤ از منـابع و مجـلات مختلـف تـا سـال      ICU Patient Care مختلـف  هاي سروكار دارند، طراحي شده است، آخرين مقالات منتشره و نيز مقالات مهم قبلي در زمينه ICU كه جهت استفاده پزشكاني كه با بيماران بدحال و بستري در CDدر اين 
 :هاي عمده عبارتند از سرفصل.  قوي اجرا شده استSearch با قابليت PDFآوري و به صورت فايل  جمع

Anemia and blood Transfusion ARDS Ethics Fever Wokup Hemodynamics RARS Weaning 
Hyperghycemia and Ihsulia Hypothermia for cardiac arrest Impaired cognition Liver disease Mechanical Vetitation Sedation From Mechanical Vetitation 
Non invasive Ventilation Nutritions Pneumonia Pulmonary Embolism Renal failure Sepsis   

34.9 

 InterBRAIN  (Martin C. hirsh)  (Springer) ــــ
1. Gross Anatomy       2. Vessels and Meninges      3. Brain Slices     4. Microscopical Sections     5. Functional Systems 

35.9 

2003 International Symposium ON 10 Years Betaferon 

CD ها در درمان  نسالة مصرف بتافرو  در مورد تجربه ده٢٠٠٣ فوق كه ماحصل سمپوزيوم پراگ در سالMSعناوين مباحث عبارتند اتز. شده در اين كنگره است باشد شامل تمام مباحث مطرح  مي: 

 MS توانبخشي در درمان سمپتوماتيك و Geomics and Proteomics هاي مالوز مطالعات باليني دربارة فاكتورهاي پروگنوستيك آموخته MSهاي نروپاتولوژيك  اهميت باليني يافته MSتاريخچة درمان مدرن 
  هاي جديد افق BEYOND و BENEFITنتايج مطالعات  اينترفرون دوز بالا يا پايين؟ Aggressive MS در درمان Stem Cell Transplantنقش  Primary Progressive MSبتافرون در درمان 

36.9 

2002 MANAGING STRESS 37.9 
 Manual of Pain Management  (Carol A. Warfield, Hilary J. Fausett)    (Second Edition)  (SALEKAN E-BOOK) ــــ

 .د مطرح شده استهاي عمدة فيزولوژي در در فصل اول نظريه. آورد هاي مختلف بدن را فراهم مي زمنية كاملي براي مطالعه نحوة اداره بيماران مبتلا به دردهاي قسمت.  با فرمت خاص خود كه نحوة استفاده از آن را راحت نموده استCDاين 
درمـان درد كودكـان، سـالمندان و نيـز     . روند، متمركز كرده اسـت  هايي كه بر روي بيماريان دردمند به كار ميProcedureها و  فصل بعدي بر روي درمان    . اند بندي شده  هاي شايع درد است كه بر اساس آناتومي باليني كلاسه           توصيفي از سندرم   CDعمده اين   

 . نيز آورده شده استHIV بيماران مبتلا به
-Understanding pain        -Pain by Anatomic Location         -Common Painful Syndromes        -Pain Management 

38.9 

 Microneurosurgery  (M. G. Yasargil)  Cassette  1 Aneurysms  (VCD)  (Thieme AV)    (CD I, II , III , IV) 39.9 ــــ
2001 Migraine Current Approaches To Treatment   (Dr. Andrew Dowson) 40.9 
2002 Movement Disorders Society   Official Journal of The Movement Disorder Society Published by John Wiley & Sons, Ins  VCD (I, II) 41.9 
2002 Needle Electromyography  (Daniel Dumitru, M.D., PhD.) 

 . فايل مختلف شامل امواج نرمال و غيرنرمال مختلف ارائه گرديده است٣٣.  استEMG Video Libraryشامل متن كتاب بعلاوة .  طراحي و اجرا گرديده است٢٠٠٢ در سال Daniel Dumitru نوشتة Needle EMG كه بر اساس كتاب CDاين 
 .گردد افزار فوق محسوب مي  قوي نيز از مزاياي نرمGlossary , Searchقابليت . دهند هاي آن در اختيار قرار ميPitfullو  EMGشده اطلاعات كافي در مورد نحوة اجراي  تصاوير ارائه

42.9 

1999 NEUROANATOMY-3D-Stereoscopic Atlas of the Human Brain (Martin C. Hirsch, Thomas Kramer) (Springer) 

توان به تصوير قبلي اضافه و  با درنظرگرفتن اينكه تك تك اجزاي سيستم عصبي را مرحله به مرحله مي.   مغز بنگريمGrossافزار قادريم از هر جهت دلخواه به تصوير  ر دقيقي از سيستم عصبي مركزي ارائه شده است كه با توجه به قدرت بالاي نرم               افزار تصاوير سه بعدي و بسيا       در اين نرم  
 .اند اند و دانشجويان، پزشكان و متخصصين درگير با سيستم عصبي آنرا تجربة جديدي ارزيابي كرده ها بسيار هوشمندانه و هنرمندانه طراحي گشته تصاوير و برش.  شود  عملكردي مختلف به وضوح مشخص ميهاي يا كم كرد، جزئيات ارتباطات سيستم

43.9 

 Neurofunctional Systems 3D  44.9 ــــ
 Neurological surgery (julian R. Youmans , MD Editor-in-Chief) (Fourth Edition) (Y.O.U.M.A.N.S) 45.9 ــــ

2001 Neurology (Baker's clinical on CD-ROM)  46.9 
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2002 New Analgesic Options: Overcoming Obstacles to Pain Relief 
- MD, NP, PA, RN Answer Sheet     -Pharmacist Answer Sheet     -Back Pain   -Fibromyalgia    -OA Pain      -Post Op Pain    -Trauma     -References 

47.9 

 Photographic manual of Regional Orthopaedic and Neurological Tests ــــ
 

. انـد  بندي شده فصول بر اساس محل مورد معاينه طراحي و قسمت. اند در مواقع لزوم تصاوير آناتوميك ضروري نيز اضافه شده   . دساز باشد كه نحوة انجام تمام معاينات نورولوژيك و ارتوپديك را با جزئيات تمام روشن مي                تصوير مي  ٨٥٠ شامل بيش از     CDاين  
در ضـمن يـك   . دهنـد توضـيح داده شـده اسـت     كه نحوة انجام معاينـه را بوضـوح نشـان مـي    هايي   در يك صفحه يا دو صفحه مقابل هم با عكس     Testهر  . شوند هاي تحتاني ختم مي    معاينات از فقرات گردني و اندام فوقاني شروع و به فقرات كمري و اندام             

Sensitivity/Relialility Scale نمايد اوان به پزشك ميتر كمك فر هاي حساستر و اختصاص اين اطلاعات در بكارگيري تست. سازد  نيز براي هر معاينه تعريف شده است كه ميزان حساسيت و قابليت اعتماد به آن معاينه را مشخص مي. 

25.7 

1998 Principles of Neurology  (6th Edition) (Raymond D. Adams, M.A., M.D.) 48.9 
 PROFESS ــــ

هاي درماني  هاي مجدد مغزي را مطرح كرده و آخرين رژيم و در درمان و پيشگيري از سكتهر هاي پيش باشد چالش  مي٢٠٠٣ درآريزوناي امريكا در سال International Stroke Conferenceهاي مغزي در   كه ماحصل سمپوزيوم پيشگيري از سكتهCDاين 
 :ها عبارتند از فهرست سخنراني. ها، سؤال و جواب و خلاصه مقالات ارائه كرده استLectureهاي موجود را در قالب  ويروتركل

 . رژيم درماني پيشگيري از سكته دوم- ديسكافاكتور مستقلي براي سكته است؟     II آيا آنژيوتانين -پكدتي خطرناك است يا مفيد؟       آيا درمان مركب آنتي-.       استMI متفاوت از CVA  چرا برخورد با-.       اطلاعاتي كه دربارة ديپريدامول وجود دارد-

49.9 

2000 Psychotropics 
  ايندكس -هاي نيمه عمر دارويي  اصول ترك دارو، منحني- فهرست اسامي رايج خياباني داروها- تداخلات دارويي- عوارض جانبي-سونوگرافي دارويي: شود شد كه شامل بخشهاي زير ميبا المعارف كاملي از تمام مواد و داروهاي موثر بر سيستم مي õداير

 .هاي مطالعاتي هر مادة سايكوتروپ اطلاع پيدا كرد هاي تجاري و نيز رفرنس هاي سازنده و نام دة باليني شركت موارد و نحوة استفا- فرمول شيميايي-توان از ساختمان شيميايي ها مي با مراجعه به هر كدام از منوگراف

50.9 

2005 Psychiatry: 1200 Questions To Help Youpass the Boatds  (Salekan E-Book)   51.9 
2001 Recognizing Extrapyramidal Symptoms (VCD)      

 Clinical Examples of Acute Dystonia          - Akathisia       - Parkinsonism          - and Tardive- Dyskinesia -                                                                            : شاملCDمباحث اين 

52.9 

2001 Rune Aaslid TCD Simulator   Version 2.1 
 -اصول داپلر سـونوگرافي . دهد  را آموزش ميCDشامل متني است كه نحوة استفاده از .   ارائه گرديده استCD در اين Rune Aaslid ، آقاي TCD باشد كه توسط مخترع  هاي داپلر اينتراكرانيال واكستراكرانيال مي ه ساز بررسياين نرم افزار يك شبي

هـاي مختلـف،       آنـاتومي و پـاتولوژي     – CBF تصوير   - مونيتورينگ - نمايش محل تابش و زاويه تابش امواج       -نمايش اسپكتروم داپلر  : هاي فراواني از جمله اين موارد را دارا است          قابليت.  دهد   مي  هموديناميك و موارد پاتولوژي عروق مغزي را توضيح        -آناتومي
 است كه توسـط اسـاتيد و   TCD يكي از بهترين و مؤثرترين ابزارهاي آموزش CDاين . نمايد  بعدي كه تجسم موقعيت فضايي عروق در داخل جمجمه را سهل مي و بالاخره ديد سهHITS - تأثير تغيير تنفس   - تأثير تغيير ضربان قلب    -كنترل كارديو واسكولار  

 .دهد مندان قرار مي مفاهيم پيچيده داپلر عروق مغزي را بصورت ملموس در اختيار علاقه. گيرد دانشجويان مورد استفاده قرار مي

53.9 

 Stroke ــــ
Overview of Stroke:  1. Stroke in Perspective   2. Pathogenesis & Pathophysiology  3. Evaluation & Diagnosis   4. Interventions   5. Thrombolytic Therapy Studies 
IV Tissue Plasminogen Activator(t-PA) Studies:     1. Recent Multicenter, IV Streptokinase (SK) Studies 
Ultra Rapid Response:  1. Increasing Public/Professional Awareness    2. Modifying Care Patterns    3. Stroke Care Systems   4. Assessing Critical Resources 
Case Studies 

54.9 

 SPINE implants     (CD I , II) ــــ
CD I   :  در اينCDشود شود و اطلاعات كاملي راجع به پروتزهاي جانشين جسم مهره داده مي كارگذاشتن پروتزهاي مهره نشان داده مي  و به نحوة جراحي. 

CD II : در اينCD  نحوه جراحي و بكارگذاشتن دستگاه Diapasone-hookشود هاي كمري در درمان موارد تروماتيك و اسكوانيور نشان داده مي  بر روي مهره. 

31.7

1999 TEXTBOOK of CLINICAL NEUROLOGY   (Christopher G. Goetz, MD, Eric J. Pappert, MD)  (W.B. Saunders Company) 55.9 
 The CerefyTM  Atlas of Brain Anatomy  An interactive tool for students, teachers, and researchers  (Wieslaw L. Nowinski, A. Thirunavuukarasuu, R. Nick Bryan) ــــ

تـوان   جهت تجسم فضايي بهتر و عمليات استرتوتاكسي مـي .  جهت بطور همزمان مشاهده نماييم٣سازد براحتي هر ساختمان داخلي مغزي را در       هاي رنگي و سيستم نامگذاري ما را قادر مي           در سه جهت، طراحي    MRIافزار با استفاده از تصاوير        اين نرم 
Grid در قسمت تست كه به صورت .    گيري نمود هاي دلخواه را اندازه تصوير قرار داد و فاصله خاصي را بر رويinteractiveدر قسمت .  گردد ها مقدور مي  و بسيار جذاب طراحي شده است ارزيابي مفاهيم و آموختهGlossory توضيح كاملي راجع به هر كدام 

 .گيرد دهند قرار مي آموزند يا آموزش مي  علوم نروساينس و روانپزشكي مي- نروراديولوژي- جراحي اعصاب- مورد استفاده افراديكه نوروآناتومي، نرولوژيCD اين.  از مناطق آناتوميك مورد اشاره ارائه شده است

56.9 

 The Clinical Diagnosis of Alzheimer's Disease (An Interactive Guide for Family Physician) 57.9 ــــ
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 : مبحث عمدة زير است٨شامل . باشد   تشخيصي و درماني چندي ميFlowchartچندين قطعه فيلم آموزشي راجع به نحوة مصاحبه با بيماران مبتلا به آلزايمر و .  كانادا تهيه گرديده استRiverView  بيمارستان Alzheimer disease groupتوسط گروه 
  تشخيص باليني بررسي آزمايشگاهي معاينات باليني فيمعر Case Studies بررسي راديولوژيك بررسي شناختي شرح حال

 THE HUMAN BRAIN   (Marion Hall David Robinson)    58.9 ــــ
 THE HUMAN NERVOUS SYSTEM (Springer) 59.9 ــــ
 The Massachusetts General Hospital Handbook of Pain Management  (Second Edition)    (Jane Ballantyne, Scott M. Fishman, Salahadin Abdi)    (SALEKAN-E-book) ــــ

I. General Considerations        II. Diagnosis of Pain         III. Therapeutic Options: Pharmacologic Approaches      IV. Therapeutic Options: Nonpharmacologic Approaches 
V. Acute Pain     VI. Chronic Pain        VII. Pain Due to Cancer       VIII. Special Situations                - Apendices          - Subject Index 

60.9 

2002 The Movement Disorder Society's Guide to Botulinum Toxin Injections     

CD با انتخاب سندرم باليني يـا عضـلة دلخـواه از    . شوند هاي باليني مربوط به آن قسمت فعال مي عضلات و سندرم. نمايي در كادر اول تصوير كلي بدن ارائه شده كه قسمت مورد نظر جهت تزريق را انتخاب مي                . باشد افزار آموزش نحوة تزريق بوتولينوم توكسين مي       نرم:  اول
 .اند  تعداد تزريقات و احتياطات لازم نيز ارائه گرديده- نحوة ورود سوزن-كردن عضله  مشخصات سوزن و نحوة فعال- نحوة يافتن عضله-ات تكنيك تزريق مانند نحوة نشستن بيمارجزئي. شوند ليست، فيلم نحوة تزريق بهمراه دياگرام آناتوميك نمايش داده مي

CD را تشكيل داده و با قابليت باشد كه بانك اطلاعاتي در مورد هر بيمار افزار استفاده از بوتولينوم توكسين در كلينيك مي      نرم:  دوم Searchهاي رنگي مربوط بـه هـر بيمـار محـل و مقـدار       در چارت. سازد  بر حسب الفبا دستيابي به سوابق بيمار را ممكن مي
 . كند بندي آنها جهت استفاده بعدي و تحقيقات كمك شاياني مي ها و كلاسه آوري يافته پزشكان در جمع به CDاين .  موجود استCD آموزشي جهت راهنمايي بيماران و اطلاعات بيشتر در PDFفايل . گردند تزريق مشخص شده و در حافظه ذخيره مي

61.9 

2001 Thinking a head  (Critical question in ms therapy) 62.9 
 Understanding and Diagnosing Restless Legs Syndrome ــــ

 .باشد  در دسترس ميPDFهاي  هاي درماني مختلف ان بحث شده و به صورت فايل قرار و روش ها در مورد بيماري سندرم پاهاي بي آخرين اطلاعات و يافته. حي و اجرا شده است طراRLS Foundation كه توسط هيئت علمي CDدر اين 
 .شود  يافت ميCDهمچنين يك فيلم آموزشي دربارة اين سندرم و تظاهرات باليني آن و تدابير درماني مختلف نيز در اين 

63.9 

 
  داخلي-١٠

 CDعنوان  سال انتشار

2003 (AGA Postgraduate Course) A Day and Night in the Life of a Gastroenterologist 
Esophagus and Stomach Liver Pancreas and Biliary Tract Nutrition GI  Malignancy Small Bowel and Colon Clinical Challenge Sessions  

1.10 

___ 3DClinic (Version 1.0) Seeing is Understanding  
 شما Desktop بر روي Icon  (2D Clinic).  كنيدRestartسپس سيستم را .  را بهمراه اسم خود وارد نماييد(SN: BI-B25600000-131) موجود است نصب نموده و سپس در قسمت دوم CD در كه را QTS ابتدا Autorun صورت به برنامه شروع از بعد افزار نرم جهت نصب اين

-    Cardiovascular-لـه  هاي مختلـف بـدن از جم   بعدي جذاب مفاهيم مختلف مربوط به سيستم هاي سه ها و فيلم افزار با استفاده از عكس اين نرم. بعد از نصب برنامه به طور كامل در كامپيوتر حفظ خواهد شد. شود كه با انتخاب و اجراي آن منوي اصلي ظاهر مي. ظاهر خواهد شد

Gastrointestinal    -Musculoskeletal    -Respiratory    -Nervous    -Urinary    -Sensory    -Endocrine    -Lymphatic    -Skin را در دو حالت  Healthy و Disorder3هاي   فيلم.دهد  نشان ميD كه به انتخاب شما نمايش داده 
هاي جالب ايـن   ها از قابليت كردن نكات مهم با ماركر و نيز تايپ بر روي عكس قابليت نگهداشتن فيلم در لحظه دلخواه، اضافه. نمايد دهد كه به درك بهتر موضوع كمك شاياني مي هاي مختلف بدن در حالت نرمال و بيماري ارائه مي    اي از سيستم   ار جالب و آموزنده   هاي بسي  شوند قسمت  مي
 . توانيد پرينت و اسلايد با كيفيت بالا از تصاوير تهيه فرمائيد ما در صورت تمايل ميش. باشد افزار مي نرم

2.10 

 Adult Airway Management Principles & Techniques  American Association   (afael A. Ortega, M.D., Harold Arkoff, M.D.)  3.10 ــــ
2001 Advanced Therapy of INFLAMMATORY BOWEL DISEASE  (Theodore M. Bayless, MD, Stephen B. Hanauer, MD) 4.10 
  AGA Postgraduate Course CONTROVERSIES  And CLINICAL CHALLENGES in Pancreatic Diseases ــــ

(An Intensive Two-Day Course Covering A Diversity of Topics Related to the Pancreas) 

-Expanded Content        -Includes Results of the Q&A       -Section Challenge Sessions 

5.10 

 
Atlas of  GASTROINTESTINAL in Health and Disease      (Marvin M. Schuster, Michael D. Crowell, Kenneth L. Koch) 

Part 1: Physiologic Basis of Gastrointestinal Motility                 Part 2: Motility Test  for the Gastrointestinal Tract 
6.10 

2002 Atlas of  GASTROINTESTINAL MOTILITY in Health and Disease (Second Edition)   7.10 
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(Marvin M. Schuster, MD, FACP, FAPA, FACG, Michael D. Crowell, PhD, FACG, Kenneth L. Koch, MD)  

Part I: Physiologic Basic of Gastrointestinal Motility                   Part II: Motility Tests for The  Gastrointestinal Tract 
2002 Atlas of Clinical Oncology  Soft Tissue Sarcomas   American Cancer Sosiety   (Raphael E. Pollock, MD, Phd) 8.10 
2001 Atlas of Clinical Oncology Cancer of the Lower Gastrointestinal Tract  (Christopher G. Willett, MD) 9.10 
 Atlas of Clinical Rheumatology  (2nd Edition)   (David J. Nashel, Chief, Rheumatology Section Va Medical Center, Washington, Professor of Medicine Georgetown University) ــــــ

1. Clinical Atlas of Rheumatic Diseases                         3. Physical Examination          5.  Physical Findings Instructional Module  Radiography  
2. Radiograph Intrerpretation Instructional Module       4. Procures                              6. Aspiration/Injection Instructional Module 

10.10 

 Atlas of INTERNAL MEDICINE  (Eugene Braunwald) 11.10 ــــــ

 CANCER  Principles & Practice of Oncology   (6th Edition)  (Vincent T. DeVita, Jr., Samuel Hellman, Steven A. Rosenberg)   12.10 ــــــ
 Case Studies in GASTROENTEROLOGY  (Second Edition)  (Ingram Roberts, MD) 13.10 ــــــ

 CD-ATLAS OF DIAGNOSTIC ONCOLOGY 14.10 ــــــ

  Clinical Endocarinology   (G. Michael Besser MD, DSc, FRCP,  Michael O. Thorner MB BS, DSc, FRCP) ــــــ
Adrenals Gonads Growth Hormone Assay Imaging Techniques Pancreas 
Ectopic Humoral Syndromes Gastrointestinal Tract Lipids and Lipoproteins Thyroid & Parathyroide Pituitary and Hypothalamus   

15.10 

 Clinical Immunology  PRINCIPLES AND PRACTICE  (Second Edition)  (Robert R Rich, Thomas A Fleisher, William T Shearer, Brain L Kotzin, Harry W Schroeder) ــــــ
 :باشد  بخش مي١١اين برنامه شامل .   ارائه شده استRich نوشتة دكتر  Clinical Immunologyاين برنامه براساس كتاب 

  روشهاي تشخيصي در ايمونولوژي-٧ بيماريهاي ايمونولوژيكي          -٦ بيماريهاي آلرژيكي      -٥دفاعي ذاتي و اكتسابي       سيستم -٤ عفونت و سيستم ايمني        -٣هاي دفاعي ميزبان و التهاب         مكانيسم- ٢ اصول تشخيصي ايمني        -١
ذخيره و نگهداري  ) Slide visionتحت برنامة (توان  در يك فايل   هر اسلايد را ميdrag & dropبا روش . توان چاپ نمود ي واژه و لغات را دارست و نيز  تصاوير و اسلايدها را مSearchاين برنامه قابليت . ، اسلايدهاي متعددي همراه با توضيح ارائه داده شده است در هربخش

 .شود  اجرا ميSlide visionشود و تحت   اجرا ميAutorunاين برنامه بصورت . توان اسلايدهاي ديگري را به اين برنامه اضافه يا حذف كرد همچنين مي. نمود

16.10 

2001 CLINICAL ONCOLOGY  (Raymond E. Lenhard, J. MD, Robert T. Osteen, MD, Ted Gansler, MD) 17.10 

 Colonoscopy  New Technology & Technique   (CB Williams, JD Waye, Y Sakai) 18.10 ــــــ
2000 Comprehensive Clinical Endocrinology  G. Michael Besser MD, DSc, FRCP,  Michael O. Thorner 

Hypothalamus and Pituitary, Thyroid, Adrenal, Control of Blood glucose and its disturbance, gonad and growth, General conditions-basic, General conditions-
clinical, Imaging, Patient Perspectives on endocrine Diseases 

19.10 

2002 COMPREHENSIVE MANAGEMENT OF  Chronic Obstructive Pulmonary Disease (Jean Bourbeau, MD, MSc, FRCPC, Diane Nault, RN, MSc, Elizabet Borycki) 20.10 

 Core Curriculum in Primary Care  Metabolic Diseases Section ــــــ
CCCاي از   مجموعهCDخصصين هر رشته توسط اعضاء هيئت علمي دانشگاه پزشكي باشد كه براي آموزش مداوم دستياران و مت هايي ميHarvardبنا نهاده شده است . 

CD             ي، سـؤالات مربوطـه بـه صـورت         در آخـر هـر سـخنراني و مبحث ـ        . باشـد   ها علاوه بر اسلايدهاي آموزشي متن سخنراني نيز در دسترس كـاربر مـي               هر كدام از اين سخنراني    .   حاضر در مورد بيماري داخلي و قلب و عروق را گردآوري كرده است
 . به صورت درسنامه آموزشي موجود استCDمباحث زير در .  ها آورده شده است سپس خلاصه هر سخنراني به صورت يك مقاله چاپي در مجلات علمي و روزنامه. اي براي ارزيابي كاربر آورده شده است چهارگزينه

١-  Lipidمتابوليسم آهن-٤)          قسمت دوم(نگرشي عملي :  ديابت مليتوس-٣)        قسمت اول(نگرشي عملي : ديابت مليتوس -٢هاي قلب و عروق           ها و بيماري  

21.10 

2005 Differential Diagnosis   (Seventh Edition)   (LC Gupta  Abhitabh Gupta   Abhishek Gupta)   (Salekan E-Book) 
-Common Signs and Symptoms     -Causes            -Differentiating Tables    -Essentials of Diagnosis  
-Staging of Diseases                       -Syndromes      -Synonyms                     -Investigations 

22.10 

 Digestive Diseases   Self-Education Program       (A Core Curriculum and Self-Assessment in Gastroenterology and Hepatology) 23.10 ــــــ

 Diseases of the Liver   (8th Edition)  (Lippincott Williams & Wilkins) ــــــ

General Considerations The Consequences of Liver Disease The Cholestasis Disorders Viral Hepatitis Immunology of Liver 

24.10 
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Autoimmune Liver Disease Alcohol and Drug-Luduced Disease Genetic and Metabolic Disease Vascular Disease and Trauma 
The Liver in Pregnancy and Childhood Infections and Granulomatous Disorders Transplantation Benign and Malignant Tumors 

 

 
 EBUS   Endo Bronchial Ultrasound    (Heinrich D. Becher, MD. Fccp) ــــــ

- Basic Introduction     -Bronchial Anatomy       -Interactive Sonography       -Product Information 

26.1 

2003 ESAP   (Endocrinology Self-Assessment Program)    (Clark T. Sawin, MD, Kathryn A. Martin, MD)   (The Endocrine Society) 25.10 
2001 Evidence-Based  Asthma Management  PATHOPHYSIOLOGY/DIAGNOSIS/MANAGEMENT  (7TH edition) 

آسم يك بيماري شايع پزشكي است كه شـيوع رو  . ها را انتخاب كرده و به كار برد هاي موجود در مقالات و كتاب ز جديدترين درمانكند تا بهترين درمان را بر اساس دريافت شخصي خود ا باشد كه به متخصصين كمك مي  ميEvidence-Based in medicinهاي  اين كتاب از سري كتاب
 .ا كامل اين بيماران استدهنده درمان ت  بوده و با از كارافتادگي بيمار همراه بوده كه نشان ها و مطالعات نشان داده شده كه افزايش شيوع آسم واقعي آمارگيري. به افزايش دارد

 :باشد كتاب الكترونيكي حاضر شامل مباحث زير مي. ترين درمان را براي هر بيمار جداگانه انتخاب نمايد عارضه كند تا در درمان بيماري آسم بهترين و كم بندي اعتبار مقالات پزشك متخصص را كمك مي اين كتاب با آوردن مقالات بر اساس معتبربودن و درجه
 

1. Natural History and Epidemiology                      9. Genetics of Asthma                                                                                 17. Cellular and Pathologic Characteristics                                           
2. Diagnosis                                                                         10. Role of the Outdoor Environment                                                       18. Role of Indoor Aeroallergens                 
3. Role of Childhood Infection                                       11. Diagnosis and Management of Occupational Asthma                               19. Principles of Asthma Management in Adults     
4. Management of Persistent Asthma in Childhood        12. Mechanisms of Action of 2-Agonists and Short-Acting 2 Therapy     20. Role of Long-Acting 2-Adrenergic Agents 
5. Use of Theophylline and Anticholinergic Therapy    13. Environmental Control and Immunotherapy                                              21. Role of Inhaled Corticosteroids         
6. Leukotriene Modifiers                                                   14. Alternative Anti-inflammatory Therapies                                                      22. Exercise-Induced Bronchoconstriction     
7. Acute Life-Threatening Asthma                                 15. Management of Asthma in the Intensive Care Unit                                     23. Severe Acute Asthma in Children                       
8. Role of Asthma Education                                     16. Asthma Unresponsive to Usual Therapy                                                 24. Measures of Outcome 

26.10 

2001 EVIDENCE-BASED DIABETES CARE   (Hertzel C. Gerstein, MD, R. Brain Haynes, MD,) 
1- EVIDENCE   2- DEFINITION AND IMPORTANCE OF DIABETES MELLITUS      3- ETIOLOGIC CLASSIFICATION OF DIABETES 
4- PREVENTION AND SCREENING FOR DIABETES MELLITUS                                  5- LONG-TERM CONSEQUENCES OF DIABETES        6- DELIVERY OF CARE 

27.10 

2001 EVIDENCE-BASED Diagnosis: A Handbook of Clinical Prediction Rules  (Mark Ebell, MD, MS) (Springer-Verlag) 

-Cardiovascular Diseases    -Endocrinology    -Gastroenterology    -Gynecology and Obstetrics     -Hematology/Oncology    -Infectious Disease 
-Musculoskeletal     -Neurology    -Pulmonary Diseas     -Renal Disease     -Surgery and Trauma 

28.10 

2000 Gastric Cancer  Diagnosis and Treatment  (An interactive Training Program)  (J.R. Siewert, D.Kelsen, K. Maruyama)  (Springer) 29.10 

 Gastroenterology   Endoscopy  (2nd Edition) 30.10 ــــ

2002 Gastrointestinal and Liver Disease Pathophysiology/Diagnosis/Management (7th edition)  (Sleisenger & Fordtran's)   

Esophagus Liver Nutrition in gastroenterology Topics involving multiple organs Biology of the Gastrointestinal Tract and Liver Stomach and duodenum 
Pancreas Biliary tract Approach to patients with symptoms and signs Small and Large Intestine Vasculature and Supporting Structures Psychosocial  

31.10 

 HARRISON'S 15  McGraw-Hill presents 32.10 ــــ
1998 Imaging of Diffuse Lung Disease (David A. Lynch, MB, John D. Newell Jr, MD, FCCP, Jin Seong Lee, MD) 

CD هاي منتشر ريه   فصل از بيماري١١ حاضر شامل(DLN)برداري  كه به گفته مؤلفين شامل تلفيقي از معاينه، شرح حال ، پاتوفيزيولوژي و تفسير عكس. باشد  ميMRI,CT-Xray) بعضي فصول كتاب شامل . باشد هاي منتشر ريه مي در اطفال و بالغين در مورد بيماري....)  و: 
  كودكانDLDتصويربرداري  تصوير برداري عروق ريوي پيوند ريه DLDهاي شغلي و محيطي و بيماري ي پاتولوژي بيمارهاي ريهارزياب

 تيو ريههاي انفيلترا تصويربرداري بيماري تصويربرداري آمفيزم تصويربرداري راههاي هوائي باشد  آنها به طور مجزا ميX-Ray,CTو مقايسه DLD تشخيص افتراقي راديولوژي 
 .دهد هاي داخلي، ريه ، قلب و راديولوژي مي  بوده و به گفته مؤلفين نگاهي جديد به متخصصين  و رزيدنتAcrobat Readerاين كتاب در برنامه 

32.1 

 INFECTIOUS DISEASES   (W Edmund Farrar, Martin J Wood, John A Innes, Hugh Tubbs) ــــ

The Head and Neck Lower Respiratory Tract The Nervous System The Gastrointestinal Tract The liver and Biliary Tract 
The Urinary Tract The Genital Tract Bones and Joints The Cardiovascular System Bacterial Infections 

33.10 
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Vira, Fungal and Ectoparasitic Infections The Eye Systemic Infections HIV Infection and Aids Acknowledgements  
 Linear ECHO ENDOSCOPY  Tome I anatomy  (Dr. Marc Giovannini) ــــ

-Equipment     -Environment     -Echo-anatomy 
34.10 

 Menopausal Osteoporosis (Neill Musselwhlte, M.D., Herman Rose, M.D.) ــــــ
 :باشد جالبي در رابطه با منوپوز و استئوپروز ارائه شده است كه عناوين آن به شرح زير مي مطالب CDدر اين 
 شده در اين زمينه  سؤالات جديد مطرح-٦ استئوپروز          -٥           Impact of osteobrosis -٤هاي بيماريان              نگراني-٣ روش جلوگيري از عوارض آن             -٢ منوپوز و نحوة برخورد با آن           -١

35.10 

2001 MKSAP® 12  (American College of Physiciance-American Sosiety Internal Medicine)   

-Gastroenterology and Hepatology   - Endocrinology and Metabolism    -Infectious Disease Medicine   -  Rheumatology     - Oncology     - Hematology     - Cardiovascular Medicine      - Pulmonary Medicine   

-Neurology     - Dermatology   - Nephrology   -Hospital-Based Medicine  and Critical Care     - Ambulatory Medicine 

36.10 

 Oxford Textbook of Medicine (OTM)   (Weatherall, Ledingham, Weatherall) ــــ
در معاينـات روزمـره و پاسـخ    اين برنامه يك منبع و مرجع قوي به منظور مشاوره . گيرد هاي وابسته را دربر مي  تمامي مباحث علوم پايه و مهارتهاي باليني مربوط به طب داخلي و تخصص        CDاين  .  تصوير ارائه شده است    ٢٥٠٠ صفحه و      ٥٠٠ فصل در    ٣٣اين برنامه بصورت يك كتاب الكترونيكي مشتمل بر         

 :توان به موارد زير اشاره كرد هاي اين برنامه مي از مزيت. نويس و محقق معتبر در سرتاسر جهان استفاده شده است  مقاله٥٨٠در نوشتن اين كتاب الكترونيكي از . باشد شود، مي سؤالاتي كه خارج تخصص پزشكان مطرح مي
در .  اي، بيماريهـاي مقـاربتي      پزشكي ورزشي، پزشكي قانوني، پزشكي پيري، معالجات دوره       . دهد  بيشتر مفاهيم بيماريهاي عفوني مربوط به درسنامه پزشكي را پوشش مي          . تر شده است    دامنة مباحث و موضوعات از قبل وسيع      . و علوم باليني  گردآوري غيرتكراري مباحث علوم پايه      

 .پزشكي در معاينات عمومي، مورد بحث دقيق و موشكافانه قرار نگرفته است تغذيه، اختلالات و بيماريهاي اعتياد و روانبهداشت محيط و مشاغل، . ، بيماريهاي بارداريCDاين 
هـاي تخصصـي و دسترسـي آسـان بـه       قلمهاي متون و چاپگر و نيز قدرت چاپ متن و جستجوي كلمـات و واژه قدرت تغيير اندازة .  را نيز جداگانه مشاهده نمودCDتوان تمامي تصاوير  باشد، كه مي هر فصل داراي تصاويري مي. در پايان هر فصل كتاب، منابع آن قيد شده است   

 . طراحي شده استCDو فهرست تفصيلي از مندرجات كتاب نيز در اين ) شود كه بصورت جداگانه اجرا مي(اي  سؤالات چندگزينه. هاي اين برنامه است جداول و تصاوير از ويژگي

37.10 

 Parenting Guide 38.10 ــــــ
 Pre-Colonoscopy Education Program  (Dr. Michael Shaw, Dr. Oliver cass Dr. James Reynolds Patricia Tomshine, Rn) ــــ

- Reason for Colonoscopy    - The Colon and The Colonoscope    - Preparations   - Day of the Procedure    - About the Procedure   -After the Procedur   - Minor Complicaions    - Major Complications  
39.10 

2000 Principles & Practice of Infectious Diseases   A Harcourt Health Sciences Company  
 : شامل سه بخش اصلي استCDاين .  اهيم اساسي و جاري در ميكروبيولوژي و درمان عوارض عفوني استو شامل تمامي مف. باشد  تصوير مي٨٠٠ جدول و ٨٠٠ بصورت يك كتاب الكترونيكي همراه با بيش از CDاين 

1- Browse Mandell, Douglas & Bennett s     شود كه متن اصلي كتاب را شامل مي.  

  :Subject index Search -2.  دهاي تخصصي را پيدا نمود و به فصل و مباحث مربوط به آن در كتاب منتقل ش بر اساس حروف الفبا واژه
3- Help      ارائه شده است  CD طريقة استفاده از  

 عروقي،  -هاي دستگاه قلبي    ، عفونتهاي برونشيولها، عفونت   تب، عفونتهاي فوقاني تنفسي   (هاي كلينيكي     علائم و نشانه  ) ٢)       هاي دفاعي ميزبان، اپيدميولوژي روشهاي درماني       عوامل ميكروبي، مكانيزم  (اصول اوليه در تشخيص و درمان بيماريهاي عفوني         ) ١
...) ي خاص، جراحي و عفونتهاي تروما و عفونتهاي بيمارستاني، عفونتهاي ميزبانها(،  Special problems) ٤....)   ها و  ها، بيماريهاي ميوپلاسم بيماريهاي ويروسي، بيماريهاي پريون(بيماريهاي عفوني و عوامل و علل آنها ) ٣   .......)عفونتهاي سيستم عصبي و 

 .گيرند قرار مي) CDاز طريق (باشد كه در هنگام نصب آن بر روي كامپيوتر شما    قابل اجرا ميJava VM و internet explverاين برنامه تحت 

40.10 

 Rheumatology  (John H. Klippel.Paul A Dieppe) ــــ
-Rheumatic Diseases                  -Signs and Symptoms                -Rheumatoid Arthritis and Spondylopathy    -Infection and Arthritis    
-Regional Pain Problems            -Connective Tissue Disorders     -Disorders of Bone, Cartilage                        -Management of Rheumatic Disease 

41.10 

 TEXTBOOK OF Gastroenterology  (Third Edition)    ATLAS OF Gastroenterology (Second Edition) (David H. Alpers, MD,  Loren Laine, MD) 42.10 ــــ
2001 Textbook of Rheumatology   (Kelley's)   (W.B. Saunders Company)  

Section I BIOLOGY OF THE NORMAL JOINT Section II IMMUNE AND INFLAMMATORY RESPONSES 
Section III EVALUATION OF THE PATIENT Section IV MUSCULOSKELETAL PAIN AND EVALUATION 
Section V DIAGNOSTIC TESTS AND PROCEDURES Section VI SPECIAL ISSUES 
Section VII CLINICAL PHARMACOLOGY Section VIII RHEUMATOID ARTHRITIS 
Section IX SPONDYLOARTHROPATHIES Section X SYSTEMIC LUPUS ERYTHEMATOSUS AND RELATED SYNDROMES 

43.10 
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Section XI VASCULITIC SYNDROMES Section XII SCLERODERMA AND MIXED CONNECTIVE TISSUE DISEASES 
Section XIII STRUCTURE, FUNCTION, AND DISEASE OF MUSCLE Section XIV RHEUMATIC DISEASES OF CHILDHOOD 

Section XV CRYSTAL-ASSOCIATED SYNOVITIS Section XVI OSTEOARTHRITIS, POLYCHONDRITIS, AND HERITABLE 
DISORDERS 

Section XVII ARTHRITIS RELATED TO INFECTION Section XVIII ARTHRITIS ACCOMPANYING SYSTEMIC DISORDERS 
Section XIX DISORDERS OF BONE AND STRUCTURAL PROTEIN Section XX TUMORS INVOLVING JOINTS 
Section XXI RECONSTRUCTIVE SURGERY FOR RHEUMATIC DISEASE   

 Textbook of TRAVEL MEDICINE and HEALTH  (Herbert L. Dupont, M.D., Robert Steffen, M.D.)  (B.C.DECKER INC) ــــ
 

در زمان مسافرت به مناطق مختلف امكان ابتلا به برخي بيماريها با توجه بـه شـرايط اپيـدميكي و    . ده است نوشته ش Steffen و دكتر Dupontو توسط دكتر . باشد  صفحه مي٣٧٠ فصل در ٣٤اين برنامه بصورت يك كتاب الكترونيكي است كه شامل 
در مسافران مختلف در كشورهاي گوناگون مورد بحث    . . .  سيناسيون و آمار مرگ و مير و        هاي درماني، اثرات واك     بيماريهاي ناشي از حوادث، شيوه    . بيماريهايي مثل مالاريا، هپاتيت، تيفوئيد، ايدز، وبا، بيماريهاي مقاربتي از اين جمله هستند            . شود  اندميك بيشتر مي  
 . قرار گرفته استCDو بررسي در اين 

44.10 

 The Massachusetts General Hospital Handbook of Pain Management  (Second Edition)    (Jane Ballantyne, Scott M. Fishman, Salahadin Abdi)    (SALEKAN-E-book) ــــ

 :باشد  شامل عناوين زير ميCDهاي مختلف اين  قسمت
I. General Considerations        II. Diagnosis of Pain         III. Therapeutic Options: Pharmacologic Approaches      IV. Therapeutic Options: Nonpharmacologic Approaches 
V. Acute Pain     VI. Chronic Pain        VII. Pain Due to Cancer       VIII. Special Situations                - Apendices          - Subject Index 

57.9 

 UEGW Gastroenterology Week  10th United European  (Geneva, Switzerland) 45.10 ــــ
2003 UEGW IBS: Management not myth 

 :باشد  شامل عناوين زير ميCD اين
1. IBS: the clinician's view        2. IBS: care, cost and consequences        3. Diagnosis: identigy, Probe, eliminate       4. Tegaserod: a world of experience       5. Chairman's summary 

46.10 

 Upper GI Endoscopy  An Interactive Aducasional Program    Video Segments of Common Pathologics of the Upper Gl tract (Iencludes Educational text) 47.10 ــــ
2005 UpToDate CLINICAL REFERENCE LIBRARY  13.1  (CD I , II)  (Burton D. Rose, MD, Joseph M. Rush, MD)  

 : شاملCDعناوين اين 
Adult Primary Care Allwrgy and Immonology Cardiology Critical Care Drug Information Enodcrinoology Family Medicine Rheumatology 
Gastroenterology Gynecology Hematology Infections Disease Nephrology Oncology Pediatrics Pulmonology 

Women's Health 
 

48.10 

2003 YEAR BOOK of RHEUMATOLOGY, ARTHRITI, AND MUSCULOSKELETAL DISEASE TM  (Richrd S. Panush, MD)   (SALEKAN E-BOOK) 
 

 Health Sciences, Epidemiology, Economics, & Arthritis Care Systemic Lupus Erythematosus and Related Disorders 

Rheumatoid Arthritis Vasculitis and Systemic Rheumatic Diseases and Other Related Disorders 

Systemic Selerosis and Related Disorders Osteoarthritis, Crystal-Related Arthropathies, Osteoporosis, Infectious Arthritides, and Spondyloarthropathies 

Regional Pain Syndromes, Non-Articular Musculoskeletal Disorders, and Fibromyalgia Miscellaneous Topics  

49.10 

 

  اطفال-١١

 CDعنوان  سال انتشار
 A Major Contributor to Neonatal Infant Morbidity and Mortality   (SURVANTA)   (Part I , II)   (Alan J. Gold, MD, J. Harry Gunkel, Arvin M. Overbach) 1.11 ــــ
 Atlas of Pediatric Gastrointestinal Disease 2.11 ــــ

2002 Basic Mechanisms of Pediatric Respiratory Disease  (Second Edition)   (Gabriel G. Haddad,MD, Steven H. Abman, MD) 

Genetic and Developmental Biology of the Respiratory System Structure-Function Relations of the Respiratory System During Development 
Developmental Physiology of the Respiratory System Inflammation and Pulmonary Defense Mechanisms  

3.11 

2001 Child Development, 9/e   (John W. Santrock) 4.11 
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2002 CURRENT MANAGEMENT IN CHILD NEUROLOGY    (SECOND EDITION)   (Bernrd L. Maria, MD, MBA) 

Section 1: Clinical Practice Trends                  Section 2: The Office Visit               Section 3: The Hospitalized Child 

18.9 

2000 EVIDENCE-BASED  PEDIATRICS  (William Feldmam, MD, FRCPC)  (B.C. Decker Inc.) 5.11 
 PEDIATRIC GASTROINTESTINAL DISEASE   Pathophysiology . Diagnosis . Management   (Third Edition) 6.11 ــــ
 TEXTBOOK OF NEONATAL RESUSCITATION  (4TH EDITION MULTIMEDIA CD-ROM) 7.11 ــــ

 
 

 عمومي: ١٢

 CDعنوان  سال انتشار

 Review for USMLE  NMS®   (Step 1) .1 ــــ
2. Review for USMLE  NMS®   (Step 2) 
3. Review for USMLE  NMS®   (Step 3) 

1.12 

 A.D.A.M.  PracticePractical  Review Anatomy – Create New Test – Open Existing Test ــــ
 

منظور يادآوري   سؤال امتحاني بوده كه به١٥٠٠٠داراي بيش از .  باشد مي) X-rayتصاوير واقعي، طراحي شده و (اتوميكي  تصوير آن٥٠٠اين برنامه شامل بيش از . هدف اين برنامه مرور مباحث آناتومي و محك زدن اطلاعات كاربر در اين زمينه است
 هاي بدن  مباحث مربوط به دستگاه)      بمباحث مربوط به نواحي آناتوميكي     ) الف:        اند  قسمت مباحث ارائه شده٢، در CD در اين Review Anatomyدر پنجرة اصلي .  و مرور مطالب طراحي شده است

 :مباحث مطرح شده در بخش نواحي آناتوميكي شامل. هر قسمت را كه مشخص نماييد تصاوير و سؤالات امتحاني آن بخش ارائه خواهد شد
 . آناتومي اندام تحتاني-٧ آناتومي لگن خاصره           -٦ آناتومي شكم            -٥ومي قفسه سينه                آنات-٤ آناتومي تنه              -٣ آناتومي اندام فوقاني           -٢ آناتومي سر و گردن           -١

قدرت بزرگنمايي تصاوير و نيز حذف و اضافه نمودن تصاوير مورد دلخـواه و نمـايش   . يدتوانيد نوع مقطع آناتوميكي را در هر قسمت مشخص انتخاب نماي شما مي. شود  بطور جداگانه نشان داده ميRelated imagesتصاوير وابسته به هر بحث از طريق دكمة 
 پاسخ سؤالات به  Show Resultsال است، با زدن كليد آيد و نام بخشي از آن مورد سؤ  يك تصوير آناتوميكي به نمايش درميtext در پنجرة  Start testنحوة امتحانات بدين صورت است كه با فعال نمودن .  تصوير در اين برنامه وجود دارد٤ و ٢، ١همزمان 

امه، ابتدا شما دستگاه يا ناحية      در نوع ديگري از امتحانات اين برن      . توانيد به دلخواه تنظيم نماييد       را خود مي   CDزمان پاسخ به هر سؤال در امتحانات اين         . هاي شخصي به هر تصوير نيز وجود دارد         قابليت اضافه نمودن يادداشت   . شود  همراه نمرة نهايي ارائه مي    
يش زمان باقيمانده براي هر سؤال در حين امتحان در حال نما. در هر سؤال نام بخشي از يك تصوير آناتوميكي موردنظر است. شود  امتحان شروع ميStartبا زدن كليد ) كنيد و نيز زمان پاسخ هر سؤال را مشخص مي (نماييد    آناتوميكي موردنظر را انتخاب مي    

 .شود   اجرا مي Autorunباشد و بصورت   ميOlson و دكتر Pawlina  دكتر   نوشتةCDاين .   است

2.12 

 Atlas of Clinical Medicine    (Version 2.0)   (Forbes. Jackson) ــــ

Infection Cardiovascular Renal Gastrointestinal  Blood 
Joints and Bones Respiratory Endocrine, Metabolic and Nutritional Liver and Pancreas Nerve and Muscle  

3.12 

2001 CECIL TEXTBOOK of MEDICINE  (21st Edition) 
 

Part I MEDICINE AS A LEARNED AND HUMANE PROFESSION                Part II SOCIAL AND ETHICAL ISSUES IN MEDICINE  
Part III AGING AND GERIATRIC MEDICINE                  Part IV PREVENTIVE HEALTH CARE  
Part V PRINCIPLES OF EVALUATION AND MANAGEMENT               Part VI PRINCIPLES OF HUMAN GENETICS  
Part VII CARDIOVASCULAR DISEASES                               Part VIII RESPIRATORY DISEASES  
Part IX CRITICAL CARE MEDICINE                   Part X RENAL AND GENITOURINARY DISEASES Part XI GASTROINTESTINAL DISEASES                           
Part XII DISEASES OF THE LIVER, GALLBLADDER, AND     BILE DUCTS  
Part XIII HEMATOLOGIC DISEASES                    Part XIV ONCOLOGY  
Part XV METABOLIC DISEASES                  Part XVI NUTRITIONAL DISEASES  
Part XVII ENDOCRINE DISEASES                    Part XVIII WOMEN'S HEALTH  
Part XIX DISEASES OF BONE AND BONE MINERAL METABOLISM Part XX DISEASES OF THE IMMUNE SYSTEM  
Part XXI MUSCULOSKELETAL AND CONNECTIVE TISSUE DISEASES  Part XXII INFECTIOUS DISEASES  
Part XXIII HIV AND THE ACQUIRED IMMUNODEFICIENCY SYNDROME  Part XXIV DISEASES OF PROTOZOA AND METAZOA  
Part XXV NEUROLOGY                    Part XXVI EYE, EAR, NOSE, AND THROAT DISEASES  
Part XXVII SKIN DISEASES                    Part XXVIII LABORATORY REFERENCE INTERVALS AND VALUES 

4.12 
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2003 BEST MEDICAL COLLECTION 
 :ها عبارتند از  اين برنامه.   فايل مربوط انتخاب، نصب و اجرا نمودباشد، كه هر يك را بايد بطور جداگانه از   برنامة مختلف مي٧ داراي CDاين 

  Health softافزار سلامت  نرم -٧)        مرجع پزشكي دارويي (medical Drug Reference -٦،       (Prescription Drugs)اي    داروهاي نسخه-٥،     Health manger -٤،     Multimedia workout -٣ طب سوزني،    -٢ ديكشنري پزشكي،    -١ 
سلامت كودكان در اين برنامه وجود دارد كه هر قسمت داراي عناوين و مطـالبي  ) سلامت خانواده ب) الف: همچنين دو فصل بصورت. توان توسط اين برنامه  جستجو نمود ها و اصطلاعات پزشكي را مي  مفاهيم واژه :افزار ديكشنري پزشكي    نرم -١

 .دباش  ميtextبصورت 
ــا وســايل و نحــوة درمــان بيماريهــا، بصــورت توضــيحات متنــي ارائــه شــده اســت    فصــل مــي٩ شــامل :طــب ســوزني  -٢ ايــن برنامــه محصــول شــركت. يــك فــيلم راجــع بــه طــب ســوزني نيــز لحــاظ شــده اســت . باشــد كــه روش كــار ب

 Hopkins technology باشد  مي١٩٩٧ سال. 
 اسـت و داراي  ١٩٩٤ايـن برنامـه محصـول سـال     . دهد اين برنامه رژيم غذايي مناسب، نوع نرمش او موردنظر را به شما ارائه مي  ...) سن، قد، وزن، جنسيت، ميزان انرژي پاية مورد نياز و           ( فردي    با وارد نمودن مشخصات    :١ نسخة   workoutبرنامة   -٣

 .باشد ها نيز مي چندين فيلم آموزشي از نحوة انجام نرمش
٤- Health manager :اي است جهت ضبط و نگهداري وقايع پزشكي و درماني شخصي، ليست داروهاي مورد استفادة فرد، داروهـاي آلـرژي و يـك كتـاب آدرس از      برنامه. كند قيقت اطلاعات بيماري و سلامتي شغلي افراد را مديريت مياين برنامه در ح

 .شود زشك در جداولي مشخص ميزمان تجديد و تعويض نسخة پزشكي و مراجعه به دندانپ. مراكز مهم بهداشتي و درماني
 .باشد  مي١٩٩٢ سال Quanta Pressمحصول شركت . دهد  اين برنامه توضيحات مختصري راجع به داروها و اطلاعات فارماكولوژيكي مربوطه ارائه مي:اي داروهاي نسخه -٥
 :توان وارد اين برنامه شد و از آن استفاده نمود  از سه راه مي:٢مرجع پزشكي دارويي نسخة  -٦

 .گردند ، گروههاي دارويي مختلف معرفي ميClassبا استفاده از كليه )   ج         با استفاده از ميلة جستجو، نام دارو را تايپ نموده و آنرا بيابيد)   ب .داروي موردنظر را انتخاب نماييد و اطلاعات لازم را دريافت كنيد: ليست داروها) الف
 .باشد  مي١٩٩٥ سال Parsons Technologyاين برنامه محصول شركت . ارائه شده است. . . نه، اثرات جانبي، اشكال مختلف دارو و هشدارهاي لازم درمورد اثرات سوء آن، روشهاي نگهداري دارو  و درمورد هر دارو، مقدار مصرف روزا

 :باشد مستقل مي) سه برنامه(بخش  افزار شامل سه اين نرم : (Healthsoft)افزار سلامت  نرم -٧
باشـد، بـا اسـتفاده از فهرسـت      اين برنامه داراي تصاوير متعدد و نيز تلفظ صحيح اصطلاحات پزشكي ناآشنا نيز مـي . . .  هاي پس از عمل، اعمالي كه در زمان اورژانس بايد انجام داد و   اين برنامه شامل توضيحاتي راجع به اعمال جراحي، مراقبت        ) الف

 . به هر واژه را پيدا نمودتوان اطلاعاتي راجع الفبايي مي
 .هاي بهداشتي، روشهاي صحيح معالجه و نيز زمان لازم براي مراجعه به پزشك آورده شده است ، پيشگيري، مراقبت هاي بيماريها در اين برنامه، علت بيماريها، علائم و نشانه ) ب
البته اين اطلاعات تنها جنبة آگاهي دادن به كاربر را داشته و نويسنده و شركت توليد كنندة .   اشاره شده استCDدر اين . . .  ي داروها، واكنش ناسازگاري تداخل دارويي و اثرات جانب. در اين برنامه اطلاعاتي راجع به داروهاي ژنتيك ارائه شده است) ج

CD  هاي  مقدار مصرف دارو، علائم و نشانه. روههاي داروئي و موارد كاربردي آنها ارائه شده استدر اين برنامه علاوه بر ارائة نامهاي ژنتيك و تجاري، گ  . دهند  اي در اين خصوص ارائه نمي        هيچ توصيهDverdose   داروها، موارد منع مصـرف آنهـا و 
 .تلفظ صحيح نام دارو آورده شده است

5.12 

 Clinical Examination ــــــ

Skin, nails & hair Respiratory system Heart & cardiovascular system Male genitalia Nervous system 

Ear, nose & throah Femal breast & genittalia Abdomen Bones, joints & muscle Infants & children  

6.12 

 CMDT   CURREAT Medical Diagnosis & Treatment 7.12 ــــــ

 Endoscopic Assessment of Esophagitis According to the Los Angeles Classification System ــــــ
 :باشد مباحث زير مي:  شاملCDعناوين اين 

 Definitions        1: Mucosal Break       2: Los Angeles Classification        3: Complicatins        Viewing Area  1 :Slide Viewer   2: Slide Gallery   3:Video Gallery    

 Quiz                  1: International Working Group       2: On Endoscopic Assessment of Esophagitis 

8.12 

2002 GRIFFITH'S 5-MINUTE CLINICAL CONSULT 

بيش از هزار عنوان بيماري به ترتيب الفبا ترتيب يافتـه اسـت   .  گردآوري شده است....  و ENTحي، چشم و هاي عمده داخلي، زنان، پوست، جرا اران براي مرور سريع ولي جامع در مورد بيماري ` براي پزشكان و متخصصين و دستي      CDبه گفتة مؤلفين، اين     
 .باشد هاي رنگي، نمودار و جدول مي و عكس) در زير آورده شده است(ها  يماري شامل توضيح بCDاين . اند  نفر متخصصين مجرب در گردآوري اين مجموعه همكاري داشته٣٣٠بيش از   .كه در هر عنوان جزئيات كافي براي تشخيص و درمان و پيگيري بيماري وجود دارد

 :مشروح عناوين عبارتند از.  قسمت فرعي  به تفضيل توضيح داده شده است٣٦ قسمت اصلي و ٦عنوان هر بيماري در 

9.12 
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6-   MISCELLANEOUS 
• Associated conditions 
• Age-related factors 
• Pregnancy 
• Synonyms 
• ICD-9-CM 
• See also 
• Other notes 
• Abbreviations 
• References 

5-  FOLLOW-UP 
• Monitoring 
• Prevention  
• Complications 
• Prognosis 

4-  MEDICATION 
• Drugs of choice 
• Contraindications 
• Precautions 
• Interactions 
• Alternate drugs 

3-  TREATMENT  
• Genral measures 
• Surgical measures 
• Activity  
• Diet 
• Patient education 

2-   DIAGNOSIS  
• Differential 
• Laboratory  
• Pathological findings 
• Special tests 
• Imaging 

1-   BASICS 
• Description  
• Genetics  
• Prevalence  
• Age  
• Signs and symptoms 
• Causes 
• Risk factors 

 
2002 HEALTH ASSESSMENT   (Gaylene Bouska Altman, RN, Ph.D., Karrin Johnson, RN, Robert W. Wallach, MD) 

 
 .باشد  بخش راجع به ارزيابي سلامت و آزمايشات و معاينات فيزيكي مي٤اين برنامه شامل 

 .عات متني در اين بخش تمامي مطالب آناتومي و فيزيولوژي مرور شده است تصوير طراحي شده از دستگاهها و اندامهاي بدن به همراه اطلا٥٩ قسمت همراه با ١٧٥شامل :  مروري بر آناتومي و فيزيولوژي :١بخش 
 .همچنين عملكرد و ساختارهاي قلب نيز بحث شده است. در هنگام معاينة مريض ارائه شده است) در حالت سلامتي و بيماري(در اين بخش صداهاي قلب و ريه :  صداهاي قلب و ريه:٢بخش 
. شـود  توسط كـاربر مشـخص مـي   ) بصورت سؤال و جواب( مختلف پس از ارائه شرح حال، وضعيت بيماري آنها   Case ٢٠. ارائه شده است  » بررسي و مطالعة موردي   «در اين بخش بصورت     : زيابي سلامتي و معاينات فيزيكي     مهارتهاي حياتي در ار    :٣بخش  

 .هدف از اين بخش افزايش قدرت و مهارت ارزيابي دانشجويان در تشخيص بيماريهاست
 .باشد، در اين بخش يك برنامة آموزشي مصور همراه با ارائه تعاريف و اصطلاحات مربوط به معاينات ارائه شده است  فصل ميC٢ آشنايي بصري با معاينات فيزيكي؛ كه داراي:٤بخش 

 .اي نيز وجود دارد در اين برنامه در هر چهار بخش امتحان بصورت سؤالات چند گزينه

10.12

2000 MCCQE    Review Nots and Lecture Series    (Marcus Law & Brain Rotengberg( 

Section Menu:    Anesthesia, Cardiology, Color Atlas, Community Med, Dermatololgy, Diagnostic Imaging, Emergency, Endocrinology, Family Medicinne, Gastroenterology, 
General Surgery, Geriatrics, Gynecology, Hematology, Infectious Disease, Nephrology, Neurology, Neurosurgery, Obstetrics, Ophthalmology, Orthopedics, Otolaryngology, 
Pediatrics, Plastic Surgery, Psychiatry, Respirology, Rheumatology, Urology 

11.12

2000 Medical Dictionary   (Dorland's)   (by W. B. Saunders) 12.12

MEDICAL Encyclopedia For Health Consumers  (With Atlas) 13.12 ــــ

2000 
MedStudyTM     (The Best Internal Medicine Board Review) 

1. The Most Board Specific           2. The Most Powerful         3. The Most Effective          4. The Most Talked About 
14.12

2002 Natural Medicine   Instructions for Patients   (Lara U. Pizzorno, Joseph E. Pizzorno, Jr, Michael T. Murray) 15.12

2002  Patient Teaching Aids    
 

اند و هر مطلب حـدود يـك    بندي شده  مطالب بر اساس موضوع و بيماري دسته      . زم را در بابت اقدامات حمايتي، اقدامات تشخيص و درماني دربر دارد           هاي لا  هاي مختلف طراحي شده است كه آموزش        جهت استفاده بيماران و پزشكان در رشته       افزار آموزش  نرم
 قـوي و نيـز   Searchقابليت .  دهد كه به روند كلي سلامت و بهبود كمك بسزايي دارد گاه علمي و مناسبي به وي ميافزار نقش بيمار را در فرآيند درمان تقويت كرده و ديد استفاده از اين نرم.  و ارائه به بيماران هستند     Printصفحات قابل   . باشد صفحه مي 

 .فزار يافتا توان براحتي در اين نرم باشد را مي  عمده و شايع ميTapic سرفصل كه هر كدام شامل چند ٤٠٠حدود . گردد افزار محسوب مي كردن نوشته به متن از مزاياي اين نرم اضافه

16.12

Practical General Practice   (Guidelines for effective clinical management)  (Alex Khot, Andrew Polmear)    (Third Edition) 17.12 ــــ

2002 RAPID REVIEW FOR USMLE STEP 1 (Mosby) 

Sciences:     Anatomy   Behavioral Science    Biochemistry    Histology/Cell Biology    Microbiology/Immunology    Neuroscience    Pathology    Pharmocology    Physiology    Randomize All 
18.12

2003 SPSS 12.0  for Windows 19.12

2002 Textbook of  Physical Diagnosis  HISTORY AND EXAMINATION  (Fourth Edition)   (Mark H. Swartz, M.D.)  (W.B. SAUNDERS COMPANY) 20.12
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 The Basics for Interns ــــ
 : فصل اصلي است٦اين برنامه شامل 

١- airway Management)  ارزيابي مسير راههاي هوايي، كنترل مسير راههاي هوايي درApnea و hypoxia گذاري ناي تراكنوتومي اي، لوله يهوشي، و نيتلاسيون  ماسك كيسه، ابزارهاي مورد استفاده در مسيرهاي هوايي بيني و دهان، روشهاي ب. . .  و( 
 )CT-scan و Abdominal x-ray تصاوير – Chest x-rayشامل تصاوير  (تفسير و ارزيابي اولية تصوير راديولوژي  -٢
 . . . )ها  ها، روش پانسمان زخم  نمايش نحوة انواع بخيه زدن– معرفي ابزار  و وسايل جراحي –هاي جراحي  شامل نخ(ها  مديريت جراحي زخم -٣
 ) شريان فمورال–شامل شريان راديال (ها  دسترسي به شريان -٤
 . . . ) و هاي زيرپوستي ها و ايمپلنت هاي برشي سياهرگ  آناتومي و تكنيك– ارزيابي پيش از عمل و تداركات لازم -ها معرفي وسايل جهت دسترسي طولاني مدت به سياهرگ(ها  دسترسي و بكارگيري سياهرگ -٥
 )موارد استعمال، نحوة انجام عمل، تكنيك توراسنتز، تكنيك تيوب توراكوستومي : (در ناژ و تخليه پلورال  -٦
 .حوة انجام عمل برروي مريض دقيقاً  نمايش داده شده است و يا بصورت انيميشن استاين فيلمغهاي آموزشي يا بصورت واقعي است و ن. تمامي مباحث عنوان شده در بالا بصورت فيلمغهاي آموزشي و تصاوير متعدد همراه با توضيحات گوينده ارائه شده است -٧

21.12

2003 The MERCK MANUAL of Medical Information  (Second Edition)  (Mark H. Beers, MD)   (CD I , II)  (Salekan E-Book) 22.12

Understanding Lung Sounds  (Audio CD) 23.12 ــــ

UNDERSTANDING PATHOPHYSIOLOGY (Second Edition)  (Sue E. Huether, Kathryn L. McCance) 24.12 ــــ

 Virtual Medical Office CHALLENGE (to accompany Bonewit-West Clinical Procedures for Medical Assistants, 5th Edition)    (W.B. Saunders Company) ــــ
 

 Triage و Criticalهاي  گيري به ضرافت  در عين حال شيوة حل مشكلات، قدرت تصميم.دهد شده در كتب رفرانس عادت مي شده كاربر را به استفاده باليني از اطلاعات ارائه هاي متعدد مطرحCaseStudyافزار با استفاده از  اين نرم
 : شامل چهار سرفصل عمده به قرار زير استCD  اين .گردند دد و به صورت عملي و سمعي بصري آموزش و تمرين ميگردد، در طي مراحل متع ها باليني پزشكان و كادر پزشكي محسوب مي كه از مهمترين مهارت

- Case Study              - Clinical Skills            - Challenge Status           -Help 

25.12

 تغذيه
2002 Contemporary Nutrition   Food Wise (Food Wise, Weight Manager) 26.12

___ Food Works  (College Edition) 27.12

2002 INTRODUCTION TO NUTRIOTION AND METABOLISM (Third Edition)   (DAVID A Bender) 28.12

Multimedia Workout    (Jeffrey S. Smith,  Joseph D. Cook) 29.12 ــــ

2002 NUTRIENTS IN FOOD  (Elizabet S. Hands) 30.12

THE FOOD LOVER'S ENCYCLOPEDIA   Culinary Techniques Recipes Nutrition Foods 31.12 ــــ
 

 

 
  داروئي-١٣

 CDعنوان  سال انتشار

2001 American DRUG INDEX  (FACTS AND COMPARISONS) 1.13 
___ Appleton and Lange's Quick Review PHARMACY    (Twelfth Edition)   (Joyce A. Generali, Christine A. Berger) 

 :كند  در مورد مباحث زير بحث ميCDاين 
-Parmaceutics/Pharmokinetics      -Pharmacology       -Microbiology and Public Health     -Chemistry and Biochemistry        -Physiology/Pathology         -Clinical Pharmacy 

2.13 
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2002 British Pharmacopoeia  (version 6.0) 
Vol 1: -Notices  -Preface   -British Pharmacopoeia Commision   -Introduction   -General Notices   -Monographs: Meidicinal and Pharmaceutical Substances 
Vol 2: -Notices   -General Notices   -Monographs   -Infrared Reference Spectra   -Appendices   -Supplementary Chapters 
British Pharmacopoeia (Veterinary):  -Preface   -British Pharmacopoeia Commission    -Introduction    -General Notices    -Monographs    -Infrared Reference Spectra   -Appendics 

3.13 

___ CLINICAL DRUG THERAPY  Rationnales for Nursing  Practice (7th Edition)   (ANNE COLLINS ABRAMS)  (Lippincott Williams & Wilkins)  
-Dosage Calc Challenge!     -Animations     -NCLEX Questions     -Monographs of 100 Most Commonly Prescribed Drug     -Preventing Medication Errors Video     -Patient Teaching Sheets 

4.13 

___ Chem Office (Renate Buergin Schaller) 5.13 
___ DERIVATIZATION REACTIONS FOR HPLC  (Georgelunn, Louise C. Hellwic) 6.13 

2000 Dosages and Solutions CD Conpanion  (Virginia Daugherty, RN, MSN, Diana Romans, RN, BSN)  (Harcourt Health Sciences) 
-Mathematics Review       -Introducing Drug Measures       -How to Read a Drug Label      -Calculatin Dosages     -Comprehensive Posttest     

7.13 

2004 DRU ERUPTION  REFERENCE MANUAL   (The Parthenon Publishing Group)   (Jerome Z. Litt, MD) 

Search by:    - Drug Name     -Reactions      -Interactions      -Categories       -Company      -Multiple Search      -Printing      -Common      -Reaciton 

8.13 

___ DRUG CONSULT  (Mosby) 9.13 
2003 Drug Identifier 

Find Products by:   -Drug name     -Imprint     -NDC code    -Manufacturer name 
10.13 

___ European Pharmacopoeia  (4th Edition) 11.13 
___ GoodMan and Gilmans's CD-ROM 12.13 
___ HERBAL MEDICINE   Expanded Commission E Monographs  (INTEGRATIVMEDICINE) 13.13 
___ Herbal Remedy FINDER 14.13 

2000 HPLC and CE METHODS for Pharmaceutical Analysis    (Version 2.0)     (George Lunn)   (John Wiley and ons) 15.13 
___ Patient Education Guide to  Oncology Drugs  Name Search – Categories – Comparisons  

(Gail M. Wilkes, RNC, MS, AOCN,  Terri B. Ades, RN, MS, AOCN) 
16.13 

2002 
2004 

PDQ  PHARMACOLOGY  (GORDON E. JOHNSON, PHD) 
PDR® Electronic Library™ PHYSICIANS DESK REFERENCE  (Thomson Medical Economics). 

 معتبرتـرين و جديـدترين   انـد از   ارائـه شـده  CD فارماكولوژي كه به صورت (PDR, PDQ)دو رفرانس . نمايد در مطب روي ميز كار هر پزشك، صرفنظر از نوع تخصص، وجود يك رفرانس جامع و معتبر اطلاعات داروئي ضروري مي
 .را به دست آورد... ها، عوارض جانبي و   ها، كنتراانديكاسيون جمله دوزاژ، انديكاسيون توان در كمترين زمان ممكن كلية اطلاعات لازم در مورد داروي مورد نظر من باشند كه با استفاده از آنها مي مراجع داروشناسي مي

  PDQ Pharmacology طريقة نصب 
 . كنيدNext  شود پنجرة جديدي باز مي.   را انتخاب كنيد١بنابراين گزينة .   را نصب كنيمAcroba Readerبايستي برنامة  شود براي شروع مي اي ظاهر مي پنجره.  شود دهيم، برنامه بصورت اتوماتيك اجرا مي  را درون درايو قرار ميCDدا ابت

 Adobe ايـن برنامـه تحـت برنامـة     (Start) را از اولـين پنجـره انتخـاب كنيـد     ٢براي اجراي برنامة اصلي گزينة .   را فشار دهيدOKدر نهايت .   كنيدNextت توافق با آن كند در صور پنجرة فعلي مسير نصب را مشخص مي
Aerobat Readerقابل اجرا است . 

17.13 

2004 PDR for Herbal Medicines  (Third Edition)  (David Heber, MD. Phd, Facp, FACN) 18.13 

2003 PHARMACOLOGY  (Thomas L. Pazderink, Laszlo Kerecsen, Mrugshkumar K. Shah)  (Mosby) 19.13 
2004 PHYSICANAS' CANCER CHEMOTHERAPHY DRUG MANUAL   (Jones & Bartlett) 

 :كند افزار در مورد عناوين زير بحث مي اين نرم
- Principles of Cancer Chemotheraphy - Physician's Cancer Chemotherapy Drug Manual 2004 - Guidelines for Chemotherapy and Dosing Modifications 

20.13 
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- Common Chemotherapy Regimens in Clinical Practice - Antimetic Agents for the Treatment of Chemotherapy-Induced Nausea and Vomiting  
2004 The Constituents of Medicinal Plant  (2nd Edition)  (An introduction to the chemistry and therapeutics of herbal medicine) 21.13 
___ The Herbalist    (David L. Hoffman) 

-Basic Principles       -Human Systems       -Actions       -Herbal Materia Medica 
22.13 

2000 THE MERCK INDEX on CD-ROM  (Version 12:3) 23.13 
2004 USP 27-NF 22  Through Supplement Two   (U.S. PHARMACOPEIA)   (The standard of Quality)    (The United States Phamocopeial Convention, Inc) 24.13 

 
 
 زبان: ١٤

 CDعنوان  سال انتشار

2001 BUILDING  A MEDICAL VOCABULARY  (FIFTH EDITION)  (FEGGY C. LEONARD)  (W.B. Saunders Company) 1.14 

2001 ELECTRONIC MEDICAL DICTIONARY  (STEDMAN'S)   (LIPPINCOTT WILLIAMS & WILKINS) 2.14 

 English Family (Merriam-Webster) 3.14 ــــ
 Entertainment Collection 4.14 ــــ

 How to Prepare for TOEFL 5.14 ــــ

 Learn To Speak  English  Dictionary & Grammer     (CD1-4) 6.14 ــــ

 Mad About English   Spelling  (Interactive Learning) 7.14 ــــ
 Medical Information on the Internet  (A Guide for Health Professionals)  (Second Edition)    (Robert Kiley) ــــ

  
Why use the Internet? Getting Wired Finding what you want The top ten medical resources 
Internetive Learning E-mail, discussion lists and newsgroups The quality issue Consumer health information 
The future Appendix A: Finding more information information Appendix B: Netscape Navigator and Internet Appendix C: Optimising your computer 
Appendix D: Configuring TCP/IP Appendix E: Glossary    

8.14 

 Preparation For the TOEFL  (Dictionary Crossword Puzzle Matching Game) 9.14 ــــ
  Preparing for the GRE Writing Assessment ــــ

What does the GRE General Test measure?    The GRE General Test is designed to measuregeneral knowledge and reasoning skills in three areas that are important 
for a academic achievement:   Verbal Ability    Quantitative Ability     Analytical Ability 

10.14 

 Speak Fluent Series 11.14 ــــ
 Studying a Study Texting a Test  (Fourth Edition) (Richard K. Riegelman) ــــ

 
Accreditation Statement Instructions to Users Lippincott Williams & Wilkins Continuing Medical Education CME User assessment Faculty Credentials/Disclosure 
Designation Statement Target Audience Test-CME Needs Assessment Glossary Learning Objectives   

12.14 

 The AMERICAN HERITAGE® TALKING DICTIONARY  (Daniel Finkel) 13.14 ــــ
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2000 THE LANGUAGE OF MEDICINE  (6TH EDITION)  (W.B. Saunders Company) 
1. Word Ports  (Chapters 1-4)          2.Body Systems (Chapter 5-18)           3. Specialties (Chapter 19-22) 

14.14 

 TriplePlayPlus!  ENGLISH  (Syracuse Languag Systems) 15.14 ــــ
2002 Users' Guides To The Medical Literature  (A manual for Evidence-Based Clinical Practice) (Gordon Guyatt, MD, Drummond Rennie, MD, Robert Hayward, MD) 16.14 

  
  جراحي-١٥

 CDعنوان  سال انتشار

 Reflux Disease and Nissen Fundoplication  (Philip E. Donahue, MD)  (VCD) .1 ــــ

2. Supraceliac Aortic-Celiac Axix-Superior Mesenteric Artery Bypass   (Gregorio A. Sicard, Charles B. Anderson) 

1.15 

 Advanced Therapy in THORACIC SURGERY   (Kenneth L. Franco, MD, Joe B. Putnam Jr., MD) 2.15 ــــ
 Aesthetic Department ــــ

ARTECOLL: Injectable micro-Implant, for long lasting levelling of facial wrinkles and folds 
M-Implants By Rofil THE BEAUTY PHILOSOPHY:  M-Implantans by Rofil you and your patients with the highest quality mammary implants in every option possible. 

3.15 

 American Collage of Surgeons ACS Surgery Principles & Practice   (CDI , II) 4.15 ــــ
 Aspects of Electrosurgery   (Dr. Anthony C. Easty, PhD PEng CCE)  Department Medical Engineering 5.15 ــــ

2005 Atlas of Liposuction (Tolbert s. Wilkinson, MD)    (Salekan E-Book) 6.15 

 Atlas of RENAL TRANSPLANTATION     (Prof. Legndre, Martin, Helenon, Lebranchu, Halloran, Nochy) ــــــ

-Histopathology          -surgery        -clinical section         -imaging         -immunology       -immunosupperssive 

7.15 

 Basic Surgical Skills  (David A. Sherris. M.D., Eugene B. Kern, M.D.)   (Mayo Clinic) 8.15 ــــ
 Breast-Augmentation with NovagoldTM     The PVP-Hydrogel Filled Implant    9.15 ــــ

2004 Case Presentations In Plastic Surgery (Christopher Stone, Consultant Plastic Surgeon) 10.15

 Cholecystectomy by Laparoscopy   (Department of Surgery Hospitalor Saint-Avold France)   (VCD) ــــ
1. Appendicectomy          2. Highly Selective Vagotomy        3. Taylor's Operation 

11.15 

2005 Clinical Surgery  (Second Edition) (Michael M. Henry, Jeremy N. Thompson)    (Salekan E-Book) 12.15

 Core Curriculum in Primary Care   Patient Evaluation for  Non-Cardiac Surgery and Gynecology and Urology   (Michael K. Rees, MD, MPH) ــــ
 

CCCاي از   مجموعهCDباشد كه براي آموزش مداوم دستياران و متخصصين هر رشته توسط اعضاء هيئت علمي دانشگاه پزشكي  هايي ميHarvardبنا نهاده شده است . 
CD        در آخر هر سخنراني و مبحثي، سـؤالات مربوطـه بـه    . باشد لاوه بر اسلايدهاي آموزشي متن سخنراني نيز در دسترس كاربر ميها ع هر كدام از اين سخنراني.    حاضر در مورد جراحي، زنان و اوروژي را گردآوري كرده است

 :باشد ث زير ميشامل مباح.  ها آورده شده است سپس خلاصه هر سخنراني به صورت يك مقاله چاپي در مجلات علمي و روزنامه. اي براي ارزيابي كاربر آورده شده است صورت چهارگزينه

 Male   impotence  عقيمي مردان  -٣                       (AUB).هاي ابنرمال رحم    ارزيابي خونريزي-٢ارزيابي و آماده كنيم؟                   ) بجز جراحي قلب( چگونه يك بيمار را براي اعمال جراحي -١
 

 . آورده شده استtextن نيز به صورت در آخر هر سخنراني، سؤالات شنوندگان و جواب سخنرا

13.15 

 Core Curriculum in Primary Care  Gynecology   (Michael, Isaac Schiff, Keith, Thomas, Annekathryn) 12.3 ــــــ
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Core Curriculum in Primary Care  Gynecology   (Michael, Isaac Schiff, Keith, Thomas, Annekathryn) 14.15 ــــــ

 VCD 1: Rhinophyma (9:52)  -  Alloderm Lip Augmentation (14:04)   -   Collagen Injection Sequence 15.15

VCD 2: Full-Face Jessner’s/35% Trichloroacetic Acid Pell (31:21) 16.15 ــــ

 VCD 3: Combined Resurfacing Technique for Aone Scarring (10:18) ــــ
              Botox Reconstitution and Injection Sequence (20:53)   -   Carbon Dioxide Laser Resurfacing (8:10)  

17.15 

2000 VCD 4: Postoperative Care of the Chemical Peel Patient (31:21) 18.15 
    VCD 5: Transconjunctival Lower-Lid Blepharoplasty (9:05) ــــ

               Skin-Muscle Flap Lower-Lid Blepharoplasty with Midface Extension  (16:20) 
19.15

 VCD 6: Follicular Transfer Hair Transplantation Session (30:20) 20.15 ــــ

ــــ  VCD 7: Upper-Lid Blepharoplasty (11:25)   -   Chin Augmentation with Gore-Tex Alloplast (13:21) 21.15 

 VCD 8: Minimal Incision Brow and Midface Lift (31:02) 22.15 ــــ

 VCD 9: Primary Facelift (37:17) 23.15 ــــ
 VCD 10: Secondary Facelift with Gore-Tex Sling (30:21) 24.15 ــــ
 ــــ

VCD 11: Scalp Reduction Sessions (31:47) 
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25.15 

 FACIAL SURGERY   Plastic and Reconstructive 26.15 ــــ

 LAPAROTOMY   (Royal Society of Medicine in association with Royal College of Surgeons of England)   (VCD) 27.15 ــــ

Lipostructure  (Sydncy Coleman, M.D.)   (byron)  (VCD) 28.15 ــــ

 Lower Body Lift  (Abdominoplasty)   (Lockwood, M. d., Kansas Gity)   (VCD)  (CD I , II)   29.15 ــــ
 MALAR AUGMINTATION (CLINICAL MIRASIERRA MADRID)   (Ulrich T. Hinderer Dr. Juan L. Del Rio)   (VCD) 30.15 ــــ
 Mammary augmention by High-Cohesive Silicon Gel Implant   (Igar Nicchajev, Goran Jurell) 31.15 ــــ

2005 Mastery of Endoscopic & Laparoscopic Surgery  (Second Edition)  32.15

2000 NMS Surgery Tutor   (Dereck Mooney, T. Mack Brown, Cristian Jansenson, Denise Riedlinger) 33.15

 Open Repair of Abdominal Wall Hernias Using Prosthetic materials  (Arthur I. Gilbert, M.D.) ــــ
 
-Small Bowel Obstrution Immediately Following Laparoscopic Herniorraphy  (Karl A. Zucher, MD) 
-VJGS Case Study: Laparoscopic Loop Ilestomy for Temporary Fecal Diversion  (Steven D. Wexner, Petachia Reissman) 
-VJGS Consultants Corner: Managed Care Update, Pt, III   (Michael A. Wood) 

34.15

Plastic and Reconstructive Breast Surgery  (Second Edition)   (Volume 1 , 2) 35.15 ــــ

 Plug Repair for Inguinal Hernias ــــ
1- First Case: Inguinal Hernia type "Direct"                              2- Second Case: Injuinal Hernia type "Indirect" 

36.15
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 Practical  MINOR SURGERY 25.6 ــــ
2005 Principles of Surgery  (Eight Edition)  (Schwartz's)   (E-Book)   (CD I , II) 

Part1: Basic Considerations     Part II: Specific Considerations   
37.15

2005 SCHWARTZ'S PRINCIPLES OF SURGERY  (8th  Edition) (F. Charles Brunicardi, Dana K. Andersen, Timothy R. Billiar)   (Salekan e-book) (CD  I, II) 38.15

Single Puncture Laparoscopic Technique  (Marco Pelosi, MD)  (VCD) 39.15 ــــ

2004 Structural Fat Grafting   (Sydney R. Caleman)  (E-book & Film) 40.15

Submitted Subject: Transvaginal Sonographic Assessment of Pelvic Pathology: Preoperative Evaluation   (Frances R. Batzer, MD) 41.15 ــــ

 SURGERY  (John D Corson, Robin CN Willimson)     (Launching Slide Vision)  (Mosby) ــــ

-Surgical Principles and Critical Care       -Trauma       -Gastrointestinal surgery       -Vascular Surgery       -Brast and Endoceine Surgery      -Transplantation Surgery       -Allied Surgical Specialties 
42.15  

2000 Surgery of the Liver & Biliary Tract 3e: Selected Operative Procedures  (L.H. BLUMGART, Y. FONG)    (W.B. Saunders) 

-Hepatic Procedures          -Biliary Procedures          -Special Procedures 

43.15

    The Distal Splenorenal Shunt: Effective or Obsolete?  (VIDEO JOURNAL OF GENERAL SURGERY)  (Layton Fredrick Rikkers, M.D.)  (VCD) ــــ

- Options for Treating Portal Hypertension     -Ideal Candidates for Distal Splenorenal Shunt    -Components of Distal Splenorenal Shunt Procedure   
-HIPS Advantages                                          -HIPS Disadvantages                                           -Distal Splenorenal Shunt Patency 

44.15

The Ileana Pull-through Operative Prpcedure of Ulcerative Colitis: Eliminating the Permanent Ileostomy (Eric W. Fonkalseud, M.D.)  (VCD) 45.15  ــــ

 The Massachusetts General Hospital Handbook of Pain Management  (Second Edition)    (Jane Ballantyne, Scott M. Fishman, Salahadin Abdi)    (SALEKAN-E-book) ــــ
- General Considerations    - Diagnosis of Pain         - Therapeutic Options: Pharmacologic Approaches      - Therapeutic Options: Nonpharmacologic Approaches 
- Acute Pain                        - Chronic Pain                - Pain Due to Cancer                                                   - Special Situations       - Apendices       - Subject Index 

46.15

TISSUE ADHESIVES In Wound Care   (James V. Quinn, M.D., FACEP) 47.15 ــــ

2004 Tissue Glues in Cosmetic Surgery  (RENATO SALTZ, M.D., DEAN M. TORIUMI, M.D.)         (Salekan E-Book) 48.15

Tolaryngology Surgery for Fronatal Sinus Disease   (Professor & Chairman, Bobby R. Alford, M.D.)  (VCD) 49.15 ــــ

 Video Journal General Surgery   (VCD) ــــ
 
1. Reflux Disease and Nissen Fundoplication  (Philip E. Donahue, MD) 
2. Supraceliac Aortic-Celiac Axis-Superior Mesenteric Artery Bypass   (Gregorio, Leonardo, Brent, Charles)       

50.15

 Video Journal General Surgery   (VCD) ــــ
 
1. Open Repair of Abdominal Wall Hernias Using Prosthetic materials  (Arthur I. Gilbert, M.D.) 
2. Small Bowel Obstrution Immediately Following Lapatoscopic Herniorraphy  (Karl A. Zucker, MD) 
3. Laparoscopic Loop Ileostomy For Temporary Fecal Diversion  (Steven D. Wxner, MD, Petachia Reissman, MD) 
4. Consultants Corner: Managed Care Update, Pt, III  (Michael A. Wood) 

51.15

 

  دندانپزشكي-١٦
 CDعنوان  سال انتشار

 Burkect's Oral Medicine  Diagnosis and Treatment ــــ
  ملاحظات دندانپزشكي در بيمارات داراي بيماري سيستميك- آنها     Manageاختلالات تمپورومندمبولار و -كردن بيماران      Mange چگونگي تشخيص و -

1.16 
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 Caratera's Clinical PERIODONTOLOGY   9th Edition ــــ
- Textbook     بندي بيماري لثه و   طبقه-ع لثه نرما     بررسي انوا- دندانپزشكي و پريودونتولوژيPPL هاي لثه و   نحوه درمان بيماري–...      وPDL 

2.16 

 COLOR ATLAS OF Dental Medicine Aesthetic Dentistry   (Josef Schnidsedes) ــــ
 :افزار عبارتند از عناوين مهم اين نرم
 ها و اصول ونيركراون  بررسي انواع ونيرو روش– (PFM) -)مزايا و معايب( كامپازيت افيله -هاي قبل از ترميم  درمان-ها  بررسي انواع سراميك كراون-كردن هاي كراون  انواع متال كراونها و روش بررسي- دندانپزشكي زيبايي-هاي دنداني اطلس رنگي درمان

3.16 

 Color Atlas of Endodontics    (William T. Johnson DDS.MS) ــــ
 (Retreatment) درمان مجدد –...    كردن كانال و  آماده -گيري طول كانال ريشه      تشخيص و اندازه -    Acsessهاي  روش -ص    هاي تشخي روش -

4.16 

 Contemporary Orthodontics  PROFFIT ــــ
 
 .. و TMJ اختلالات -ها    ها و بيومكانيسم   مكانيسم- تشخيص و طرح درمان     - ايرادات ارتودونسي     نحوه تكامل- مشكلات ارتودونسي     - ارتودونسي در دندانپزشكي   Textbook - ارتودونسي نوين    -

5.16 

 Craniofacial Development ــــ
 ... منديبول و -هاي پارانازال     سينوس -

6.16 

 Critical Decisious in Periodoutology    (Walte R.B.HALL) ــــ
 هاي جراحي مورد نياز در پريودونتيكس و زيبايي  درمان-هاي مورد نياز       طرح درمان- نحوه شناسايي ضايعات      - سابقه بيمار    -ل    هاي پريودونتا  بررسي-

7.16 

  Dental Assisting ــــ
  روش نصب رابردم و استفاده صحيح از آن-   ) ها قلم (Instroment روش صحيح استفاده از - بيمار و دندانپزشك    Positionاي معاينه و ه  روش-   هاي فلورايدتراپي    روش-   هاي كنترل عفونت در مطب     كليه روش-   آموزش به صورت تصويري   -
  و نحوه برداشتن آن    Dessing پريودونتال -    هاي صحيح راديوگرافي گرفتن و نحوه ظهور آنها و كنترل عفونت تاريكخانه  روش-

8.16 

 Dental Implant System ــــ
  ترميم و آموزش بيمار- اعمال جراحي     - آناليز و بررسي روش كار    - اينترومنت      -

9.16 

 Dental Implant System Fixed Implant Restorations  (ITI Dental Implant System)   (VCD) 10.16 ــــ
 Endodontics ــــ

 ...كانال و  كردن روت    و آداپتهCleaning  - Shaping –هاي جديد  اينتدومنت -
11.16 

 Endodontics  5th Edition  (John I. Ingle, DDS, MSD, Leif K. Bakland, DDS) 12.16 ــــ
 ESSENTIAL OF ORAL MEDICINE (Silverman, Roy Eversole, Truelove) ــــ

a. بررسي در دهان سر و صورت همراه با تصاوير آموزشي همراه با -مورعي        نكات ضروري فارماكو-هاي سيستميك و تظاهرات دهاني آنها        بررسي بيماري Caseهاي مختلف و پرسش و پاسخ 
13.16 

 ESTHETIC DENTISTRY   2th Edition  (Dennet W. Aschheim, Barry G. Dale) ــــ
  ايمپلنت و جراحي دهان و صورت-٧)    ها كردن دندان سفيد( بليچينگ -٦هاي چسبنده      رزينت-٥     (PFM) وينير -٤ون    كرا  چيني فول-٣ متال     - سراميك-٢هاي كامپازيت      ترميم-١   : هاي اصول و تكنيك

14.16 

 Esthetic Implant Dentistry  (Daniel Buser, Hans Peter Hirt)   (VCD) 15.16 ــــ
 ESTHETIC IMPLANT DENTISTRY (Daniel A. Bases, Urs.E.Belses) ــــ

  TPS ايمپلنت دنداني تيتانيوم با پوشش -٢          ITIدنداني با ايمپلنت   جايگزيني تك-١
 . بررسي بافت نرم قبل از انجام ايمپلنت و بررسي درصد موفقيت نشان داده شده است-ها  مزايا و معايب انواع ايمپلنت–افزار  توضيحات كامل و نحوة جايگذاري ايمپلنت  در اين  نرم

16.16 

 Esthetic in Dentistry  (Vol 1- Vol 2) ــــ
  مال اكلوژي-دادن دندان         از دست-دنداني     مشكلات زيبايي تك-

17.16 

1998 ESTHETICS IN DENTISTRY  (Second Edition)  PRINCIPLES COMMUNICATIONS TREATMENT METHODS 18.16 

 Glossary of Orthodontic Terms    (John Daskalogiannakis)  19.16 ــــ
 Guide to Physical Examination   (Mosby) ــــ

 .دهد  را توضيح ميهاي دهاني ها و راديوگرافي  همراه با عكسCaseبررسي بهداشت دهاني و بررسي چندين افزار  اين نرم
20.16 
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 Implant Medpor Mandibular   A method to Restore Skeletal Support to the Lower Face     (Oscar M. Ramirez M.D., F.A.C.S.)  (POREX)  (VCD) 21.16 ــــ
 ITI Dental Implant    (CD I , II , III) ــــ

 سازي محل  نحوه جراحي لثه و فك و آماده- وسايل مورد نياز        -سازي        كليه مراحل آماده-
22.16 

2004 ITI TE Solution  ITI TE Implant  (DENTAL IMPLANT SYSTEM)  (Daniel Buser)  (Disk 1-3) 23.16 
 Journal of Esthetic & Restorative Dentistry ــــ

  بليچينگ    -٨ها       انديكاسيون-٧ها       بررسي روش-٦     Packable كامپازيت رزين -٥ كامپازيت رزين     -٤ سراميك اينله و انله     -٣ ژورنال دندانپزشكي ترميمي و زيبايي     -٢ها      انواع تريس بررسي كامل انواع -١
  تمام سراميك Crown-١١                  Post -١٠هاي كامل از مراحل ترميم همراه با توضيحات                                   عكس-٩ 

24.16 

1998 LINGUAL ORTHODONTICS  (Rafi Romano)  (TO EXPLORE THE CD-ROM) 25.16 
 Local Anesthesia in Dentistry   (VCD) ــــ

  خطرات موجود و ايرادات-هاي صحيح همراه با تصاويري گويا به صورت عملي      بررسي روش-ها و لثه و بافت نرم      حسي نواحي مختلف دندان هاي مختلف تزريق با اهداف متفاوت براي بي  روش-
26.16 

 Local Anesthesia in Dentistry  (Dr. Markus D. W. Lipp Wolfgang Kelm)   (VCD) 27.16 ــــ
 My Orthodontics ــــ

 هاي ارتودونسي هاي جالب سايت هاي متعدد و آدرس  داراي لينك-هاي حين درمان      نتايج حاصله از درمان ، مراقبت- قبل از درمان ، طي درمان ، بعد از درمان     -بررسي مراحل معاينه    -
28.16 

 Oral Disease   Diagnosis & Treatment ــــ
 ها و تومورها  كيست- ضايعات بافت همبند     -اي       اختلالات رنگدانه-ها       شرايط زخم-هاي وزيكولوبولوز       بيماري- ضايعات سفيد آبي قرمز     - انواع ضايعات دهان     بررسي-

29.16 

 Oral Pathology 4th edition ــــ
  مطالعة جزئيات و ملاحظات و مشخصات بيمار همراه با تصوير-رسي به صورت آزمون همراه با جواب صحيح      بر- متفاوت    Case ٥٠بررسي بيش از  -

30.16 

 Orthodontics & Paediatric Dentistry ــــ
 TMJ مال اكلوژن  و اختلالات -     Mixed dentition - مال اكلوژن    -

31.16 

 Orthodontics Priociples & Techniques   3th Edition ــــ
 ها  و بيومكانيسمTMJ اختلالات - فيزيولوژي استخوان   -ها       هاي بافت  واكنش-هاي درمان       تشخيص و طرح درمان در ارتودونسي و تكنيك-

32.16 

  Pathways of the PMP  (8th Edition) ــــ
Part I: The Art of Endodoutics     Part II: The Science of Endodoutics     Part III: Related Clinical Topics 

33.16 

2000 PERIODONTAL MEDICINE  (L.F. Rose, R.J.Genco, B.L. Mealey, D.W. Cohen) 34.16 
 Periodontal Surgery ــــ

 ها و آموزش بهداشت پس از درمان  درمان-هاي پريودونشيم     يماري بررسي انواع ب-هاي پريودونتال كورتاژ      بررسي تحليل لثه در بيماري- حذف پاكت پريودونتال    - جراحي پريودونتال   -
35.16 

 Periodontal Surgery Clinical Atlas 36.16 ــــ
  Removal Orthodontics Apliances ــــ

 .راحل همراه با مراحل لابراتواري و توضيحات كامل و تصويرهاي كامل از تمام مIII و II و I مختلف اعم از كلاس Caseبررسي دهها 
37.16 

2003 Saunders Dental Assisting   (Multimedia Resource)   (Second Edition)  (Doni L. Bird , Debbie S. Robinson) 38.16 
 Strauman Dental Implant System   (VCD) ــــ

 مپلنت چند دنداني ماگزيلد  اي-گذاري در استخوان الوئل      پين-نسج نرم و سخت براي استقرار ايمپلنت   سازي  نحوه آماده -
39.16 

 The Center of Education, Teaching and Research for Oral Implant Reconstruction   (Prof. Dr. Hns L. Grafelmann)  (CD I , II) ــــ
-Pitt-Easy BIO OSS        -Phase TPS Cylinder Implant       - Vertical Load 

40.16 

 The Entegra Dental Implant System Entegra Surgical Videos   (Robert Schroering) 41.16 ــــ
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 The IMZ Implant System   (VCD)   (Dr. Karl-Ludwing Ackermann, Dr. Axel Kirsch)    (CD I , II) 42.16 ــــ
 Toothcolored Restoratives ــــ

  و دندان نيازمند به ترميمCase نحوه تشخيص و انتخاب -ها      ل و تكنيك اصو-بررسي مواد مختلف در ترميم همرنگ مزايا و معايب       -
43.16 

2002 TOOTH-COLORED RESTORATIVES Ninth Edition (Principles and Techniques)    (Harry F. Albers, DDS) 44.16 
 Treatment Planning in Dentistry ــــ

 هاي جالب و كامل  داراي آزمون-      هاي كامل هاي مختلف همراه با پروندهCase بررسي -
45.16 

 Treatment Planning in Dentistry  (Stephen Stefanac, D.D.S., M.S. Sam Nesbit, D.D.S., M.S.) 46.16 ــــ
  UCD Implant ــــ

 ...ها و  اري پين نحوه جايگذ-سازي نسج استخوان    سازي نسج نرم و نحوه ايجاد فلپ و نحوه آماده آماده -حسي     هاي بي روش -
47.16 

 

 فيزيولوژي: ١٧
 ANATOMY & PHYSIOLOGY  (5th Edition)    (Gary A. Thibodeau, Kevin T. Patton) 1.17 ــــ
 BODY WORKS 6.0  A 3D Journey Through The Human Anatomy 2.17 ــــ
 Interactive Physilogy  MUSCULAR SYSTEM   (A. D. A. M. Benjamin/Cummings)  (Marvin J. Branstrom, Ph.D.) ــــ

-Anatomy Review: Skeletal Muscle Tissue        -The Neuromuscular Junction       -Sliding Filament Theory        -Muscle Metabolism      -Contraction of Motor Units          -Contraction of Whole Musle 
3.17 

 InterActive PHYSIOLOGY   Cardiovascular System ــــ
 

 The Heart Blood Vessels 

Anatomy Review: The Heart Intrinsic Conduction System Anatomy Review: Blood Blood Pressure Regulation 
Cardiac Action Potential Vessel Structure and Function Autoregulation and Capillary Dynamics 
Cardiac Cycle Measuring Blood Pressure  
Cardiac Output Factors that Affect Blood Pressure   

4.17 

 Interactive PHYSIOLOGY   for Windows   Urinary System  Version 1.0 ــــ

 عروق خوني) قلب        ب) فال.   باشد و اهداف آموزشي در ابتداي هر فصل ارائه شده است اين برنامه داراي دو مبحث مجزا مي
ديناميـك  گيري فشار خون، فاكتورهاي مـؤثر بـرروي فشـار خـون، تنظـيم فشـار خـون، خـودتنظيمي و                        ساختار و عملكرد عروق خوني، اندازه     : عروق خوني شامل مباحث   )  ب .ده قلبي   آناتومي قلب، سيستم هدايتي قلب، پتانسيل عمل قلبي، چرخة قلبي و برون           :  قلب شامل مباحث   )الف

 .دهد  داراي يك فهرستي از اصطلاحات است و هر واژه را مختصراً توضيح ميCDاين . كند در هر قسمت از اين برنامه رئوس مطالب ارائه شده است و گوينده آنها را بيان مي. ها مويرگ
 .شوند هاي ناصحيح با رنگ قرمز مشخص مي اي ارائه شده است و پاسخ  در هر يك از مباحث فوق، سؤالات چند گزينه(Quiz)در بخش امتحان 

5.17 

 Interactive Physiology   RESPIRATORY SYSTEM   (A. D. A. M. Benjamin/Cummings)    (Andrea K. Salmi) ــــ
-Anatomy Reviw: Respiratory Structures         -Pulmonary Ventilation          -Gas Exchange           -Gas Transport           -Control of Respiration 

6.17 

    MedWorks  Anatomy & Physilogy ــــ
Anatomy Y Physiology: 
Overview Cells and Tissues The Integumentary System Body Chemistry The Skeletal System The Muscula System The Nervous System 

Organization 

The Endocrine System Cardiovascular System: The 
Blood 

Cardiovascular System, The 
Heart 

Lymphatic and Immune 
System 

The  Respiratory System The Digestive System The Urinary System 

The Sensory Organs Somatic and Autonomic 
Systems 

The Peripheral Nervous 
Systems 

Inheritance The central Nervous 
System 

The Reproductive 
System 

 

 . انتخاب و اجرا كنيدMedwork را از مسير دايركتوري Setup.exeبراي اجرا، فايل 

7.17 

 Panorama of Anatomy & Physiology Structure & Function of the Body   (Eleven Edition)    (Gary A. Thibodeau,  Kevin T. Patton) 8.17 ــــ
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 Range of Motion-AO Neutral-0 Method   Measurement and Documentation      (Time) 9.17 ــــ
 The Interactive Skeleton Tutorial    (Dr. peter Abrahams  of cambridger University, UK.) ــــــ

1. Head  2. Spine    3. Ribs  4. Upper Limb  5. Lower Limb 
10.17

World of SPORT examined 11.17 ــــ
2002 Interactive Guide to Human Neuroanatomy   (Mark F. Bear, Barry W. Connors, Michael A. Paradiso) 

 

Atlas:    -Surface Anatomy of Brain            -Cross-Sectional Anatomy of Brain          -The Spinal Cord   -The Anatomy Nervous System    -The Cranial Nerves   -The Blood Supply to the Brain  
Exam:I  -Surface Anatomy of the Brain      -Cross-Sectional Anatomy of the Brain     -Comprehensive Exam 

12.17

2002 Sobotta (Atlas of Human Anatomy)  (Urban & Schwarzenbery) 
 
1. General Anatomy     2. Head and neck     3. Upper Limb     4. Brain and Spine Cord     5. Eye      6. Ear    7. Thoracic and Abdominal Wall     8. Thoracic Oegans    9. Lower Limb 

 Past)  اجـرا شـده  Setupهمان مسيري كـه   (C:\Urban را كپي كرده و در  Sobotta 1.5Crack و سپس Crackپس از اتمام، وارد دايركتوري . يمكن رنگ را اجرا مي  آبيEnglish ، Setupافزار ابتدا از دايركتوري  جهت نصب اين نرم : طريقة نصب
 .افزار فوق قابل خواندن و اجراست حال نرم. كنيم مي

13.17 

2003 Student Companion CD-ROM for Principles of Anatomy & Physiology (Tenth Edition) (John Willey & Sons, INC.) 14.17
2004 Therapeutic Exercise for Lumbopelvic Stabilization   A motor Control Approach for the Treatment and Prevention of low back pain 

                                  (Second Edition)   (Carolyn Richardson, Paul W. Hodges, Julie Hides)   (Salekan E-Book) 
15.17

2005 Gray's Anatomy  The Anatomical Basis of Clinical Practice  (Thirty-Ninth Edition)  (Susan Standring)   (CD I , II) (Salekan E-Book) 16.17

 
 پرستاري: ١٨

 The Oncology Nursing Society presents   THE ADVANCED PRACTICE ONCOLOGY NURSING REVIEW 1.18 ــــ
 Textbook of MEDICAL SURGUCAL NURSING   (Ninth Edition)    (Katherine H. Dimmock)    Student Self Study Disk to Accompany BRUNNER & SUDDARTH'S 2.18 ــــ

2000 Focus on Nursing Pharmacology     (Lippincott Williams & Wilkins) 3.18 
2001 Wongs ESSENTIALS OF  Pediatric Nursing  (Mosby) A Harcoun Health Sciences Company 4.18 
2002 Maternal, Neonatal and Women's Health Nursing        By Delmar, a division of Thomson Learning 5.18 
2003 Nursing Care of Infants and Children  (Seven Edition) 

 

 :باشد ين زير مي شامل عناوCDاين 
 

- Childre, Their Families, and the Nurse         - Assessment of the Child and Family                                 - Family-Centered Care of the Newborn       - Family-Centered Care of the Infant 
- Family-Centered Care of the Young Child   - Family-Centered Care of the School-Age Child                - Family-Centered Care of the Adolescent    - Family-Centered Care of the Child with   Special Needs 

- The Child who is Hospitalized                         - The Child with Disturbance of Fluid and Electrolytes         - The Child with Problems Related to Transfer of Oxygen and Nutrients 

 - The Child with Problems Related to Production & Circulation of Blood      - The Child with Disturbance of Regulatory Mechanisms            - The Child With a Problem that Interfers with  Physical Mobility 

6.18 

 McMinn's Interactive Clinical Anatomy 7.18 ــــ
 INRERACTIVE  ATLAS OF CLINICAL ANATOMY  (Illustrations by Frank H. Netter, M.D.) 8.18 ــــ

 
 

  فيزيوتراپي-١٩

 BACK STABILITY   Christopher M. Norris, MSc, MCSP,  Director, Norris Associates, Manchester, UK)     (Salekan E-Book) 1.19 ــــ
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2004 Clinical Tests for the Musculoskeletal System  (Klaus Buckup, KlinikumDortmund Orthopaedic Hospital Dortmund Germany)  (Salekan E-Book) 2.19 
 DIET & FITNESS 3.19 ــــ
 DIGITAL SHIATSU ــــ

 
 : قسمت مي باشد كه به شرح زير است٦ين برنامه داراي ا

  راهنما- اساس و مباني ماساژ درماني     -        جستجو-        (therapies) موارد كاربرد ماساژ درماني -      (self- shiatsu) خود ماساژ درماني -       (total body) ماساژ درماني تمامي بدن -

 .گيرد نمايش داده شده است وارهاي نقاط حساس كه در ماساژ درماني مورد توجه قرار مي در تصاوير طرح.  ماساژ صحيح و عملي تمامي بدن همراه با نمايش فيلم و توضيحات گوينده و متن چاپي ارائه مي شوددر اين قسمت روش -١
 .ده استهمراه با نمايش فيلم و توضيحات گوينده در دو قسمت روش ماساژ درماني ارائه ش -٢
 ...)آرتريواسكلروز، درد قفسه سينه فلج صورت، سينوزيت، خون دماغ ، بيماريهاي كبدي ، بيماريهاي كليوي ، يائسگي ، اسهال ، قاعدگي ، گرفتگي و كرامپ پا و : شامل . (  مورد توضيح داده شده است٢٢موارد كاربرد ماساژ درماني در  -٣
  توضيح داده شده استNamikoshiو نيز تاريخچه متد اصول ماساژ درماني و روشهاي كلاسيك آن  -٤
 .هاي تخصصي مورد نظر خود را پيدا نمود و با كليك نمودن بر روي آن به آن مباحث منتقل شد بر اساس حروف الفبايي مي توان واژه -٥

 . اجرا مي شودAutorunاين برنامه به صورت 

 . نصب مي شودprogram در گزينه Lifestyle softuare Group دو بار كليك نمائيد و مراحل نصب را پيگيري كنيد، در نهايت اين برنامه به نام Setup.exeون جهت نصب اين برنامه لازم است بر روي آيك:  طريقة نصب
 . كليك نمائيدinstall.exeبراي نصب آيكون . تر شما به كار مي رود كامپيوDesktop نيز وجود دارد كه براي سفارشي نمودن صفحه Park Entertainment Jurassic يك برنامه جانبي به نام CDدر اين 

4.19 

2005 EXERCISE THERAPY PREVENTION AND TREATMENT OF DISEASE   ((John Gormley and Juliette Hussey) 5.19 
___ Fibromyalgia Syndrome  Bodywork Management Strategies 

 ٥صورت كه در مراحل مختلف ارزيابي كه شـامل   شود بدين سپس ارزيابي و درمان فيبروميالژيا بر اساس پروسه درماني پيشنهاد شده آموزش داده مي. هاي دستي است معرفي شده است  كه در زمينة تكنيك Leon Chitow ابتدا تعدادي از كتب CDدر اين 
 .هاي لمس نشان داده شده است باشد با تأكيد بر مهارت بخش مي

Assessment Methodes 
- Manual Thermal Diagnosis - Skin on Fascia Adherence - Hyperalgesic Skin Zones reduced Skin elasticity - Drag palpation for increased hydrosis - Neuro muscular Technique Evaluation (NMT)  

6.19 

 Fundamentale of Sensation ad Perception   (3rd Edition)   (M.W. Levine) ــــ
 :باشد  عنوان زير مي١٦ شامل CDمحتواي اين 

Introduction and instructions Threshold experiment or Signal Detection Specializations of the Vertebrate eye Retinal Cells responding to light 

Afterimages Brain anatomy, Blink  Suppression, or Cortical 
Cell responses 

Cortical columns or Equiluminant demos Demonstratuins of Fourier 
components 

Depth from motion of random dots Optical IIIusions and Constancies Motion demonstrations Color mixing or Opponent cells 
Traveling waves on the basilar 
membrane 

Pitch and Loudness of tones Speech sounds of Mystery phrase Muscle spindle feedback 

Gnglion Cells responding to light Motions from form of Impossible figures Mechanics of the middle and inner ear Taste-influenced by vision  

7.19 

 Health & Fitness   (DataSel Software, Inc) ــــ
1. Getting Started    2. The Exercise  Demonstration Screen     3. Strength     4. Stretch     5. Equipment     6. Muscles      7. Workouts      8. Setup     9. Technical Support 

8.19 

 Interactive Atlas of Human Anatomy 9.19 ــــ
2005 Introduction to Massage Therapy  (Mary Beth Braum, Steplianic Simonsoon)   (Salekan E-Book) 10.19
 MANIPULATION OF THE SPINE, THORAX AND PELVIS  An Osteopatic Perspective  (Peter Gibbons, Philip Tehan) ــــــ

ها در دو بخش كلي به شرح ذيـل   اين فيلم. باشد  خاصره مي هاي استخواني ستون فقرات، فقسة سينه و لگن  بيماريmanipulationها و نحوة معاينة فيزيكي و   قطعه فيلم آموزشي كوتاه در خصوص تكنيك٣٤ بصورت نمايش   CDاين  
 :ارائه شده است

11.19
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HVLA thrust techniques-spine and thorax   : بخش اول   -       Cervical and cervicothoracie spine        -Thoracic spine and rib cage     -Lumbar and thora Columbar spine 

بخش دوم   :  HVLA thrust techniques-pelvis 
 .شود  اجرا ميAutorun به صورت CDاين . دهد  را بر روي بيمار نمايش ميmanipulafionدر هر قطعه فيلم، پزشك متخصص نحوة انجام معاينه و 

Massage Therapy Review    (interactive Edition)   (Mosby) 12.19 ـــــ
 Men's Health GET RID OF THAT GUT  

STAGE 1: BEGINNERS LEVEL     STAGE 2: INTERMEDIATE LEVEL     STAGE 3: ADVANCED LEVEL 

13.19

2001 MUSCLE ENERGY TECHNIQUES    ADVANCED SOFT TISSUE TECHNIQUES  (Second Edition) 
 . تصوير ويدئوئي وجود دارد٣٠ فصل به همراه ٨ لئون چيتو مشتمل بر Muscle Energy Techniques متن كامل كتاب CDر اين د

MET   در اين تكنيك بيمار نقش فعالي در اصلاح اختلالات عملكردي بر عهـده دارد و   . دشو هاي مختلف و در برابر نيروي درمانگر استفاده مي         هاي درمان دستي است كه در آن از انقباض ارادي عضله در يك جهت كنترل شده و دقيق با شدت                     يكي از روش
 :به موارد زير اشاره كردتوان  اين تكنيك كاربرد باليني زيادي دارد كه مي. شود شده و تقويت عضلات ضعيف مي  باعث كاهش تون يا مهار عضلات كوتاهReciprocal inhibtion يا Post isometric Relaxationتراپيست با استفاده از 

بردن چسبندگي متعاقب احتقان وريدي، كاهش ادم موضعي، اصلاح موانع مكانيكي داخل مفصل مثل آرتريت، گيرافتادگي منيسك و عدم تطابق كامل سطوح  هاي وريدي، از بين كشش عضلات كوتاه و اسپاستيك، تقويت عضلات ضعيف، رفع احتقان
  مفاصل محدودنمودن مفصلي و همچنين متحرك

14.19

Myofascial Release Techniques   (John F. Barnes, PT)  (VCD I , II) 15.19 ــــــ
 Orthopaedics for Nurses  (John Ebnezar)   (Salekan E-Book) 16.19 ــــ

2003 Orthopedic Massage Theory and Technique  (Whitney Lowe Leon Chaitow) 17.19 
Palpation Skill in Assessment and Tr eatment Fibromyalgia Syndrome  (Leon Chaitow) 18.19 ــــــ

 Physical Education  and the Study of Sport   (Bob Davis, Ros Bull, Jan Roscoe, Dennis Roscoe)  (Mosby) ــــــ
1- Physical Education and the Study of Sport        2- Synoptic Questions Harcourt Health Sciences                  3- The Project Personal Performance Profile 

19.19

2004 Physical Rehabilitatioon of the Injured Athlete  3rd Edition    (James R. Andrews, Gary I., Harrison, Kevin)   (Salekan E-Book) 20.19 
  Positional Release Techniques      ADVANCED SOFT TISSUE TECHNIQUES   (Leon Chaitow)   (Harcourt)   (Second Edition) ــــــ

 .شده وجود دارد هاي اعمال  تصوير ويدئوئي از تكنيك٣١ فصل همراه با ١٢لئون چيتو مشتمل بر  Positional Release متن كامل كتاب CDدر اين 
Positional Release كاربردن آن در موارديكه به علـت اسپاسـم يـا التهـاب      باشد به ترن وضعيت مي رود و چون اساس آن قراردادن بافت همبند يا عضله در راحت اند بكبار مي  هايپرتون يا كوتاه شده هاي مؤثر در درمان بافت همبند مناطقي كه در لمس كبه عنوان يكي از تكني

 .لذا در درمان بيماران مبتلا به مشكلات ماسكلواسكلتال بسيار مؤثر است. باشد يبافت همبند بسيار دردناك است براي بيمار قابل تحمل م
Spontaneous Positional relese variations The evolution of dysfunction Unloading and Proprioceptive taping 

Modified strain/counterstrain technique Learning SCS SCS for muscle pain (plus INTT and self-treatment) 

Goodheart and Morrison's Positional release variations and lift techniques SCS (and SCS variations) in hospital settings The Mulligan concept: NAGs, SNAGs, MWMs, etc.  

Functional technique Facilitated Positional release (FPR) Cranial and TMJ Positional release methods  

21.19 

 Power Touch 22.19 ــــــ

2005 Principles of Manual Therapy  (A Manual Therapy Approach to Musculoskeletal Dyslimction)  (Salekan E-Book) 23.19 
2002 Surface and Living Anatomy   (Gordon Joslin SOtJ) 

 .دهند هاي رنگي وجود دارد كه به وسيلة ماركرهايي مناطق مربوطه را نشان مي هاي مربوطه عكس در كنار هر يك از متن. دهد  منطقه آناتوميكي را مرحله به مرحله توضيح مي٢٢٦هاي مختلف بدن وجود دارد و پيداكردن  ل آناتومي سطحي قسمت متن كامCDدر اين 
24.19 

 The Complete Acupuncture 25.19  ــــ
 The Principles of Harmonic Techniques   (Eyal Lederman)    (VCD) ــــــ

ها  در محدودة فركانس بافتهاي درماني  بر اين اساس كه هر سيستمي يك فركانس نوسان طبيعي دارد چنانچه اين تكنيك.  معرفي شدEyal Ledermanبه وسيلة ) دستي(هاي مانوال  هارمونيك تكنيك به عنوان يك تكنيك درماني مؤثر در زمينه تكنيك

26.19 
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 : بخش نشان داده شده است٤ اصول و روش استفاده از اين تكنيك در مفاصل مختلف در CDدر اين . شود هاي بدن اعمال شوند باعث ايجاد رزونانس شده با صرف انرژي كمتر توسط درمانگر دامنه حركتي مناسب در بيمار ايجاد مي  و توده

1- The Principles of Harmonic Technique                                                        3- The Principles of Harmonic Technique Using Pelvic Mass Oscillations 
2- The Principles of Harmonic Technique Using Thoracic Mass Oscillations    4- The Principles of harmonic Technique Using Appendicular Oscillations 

 YOGA for YOU  (Anatomy) 27.19 ــــ
 

 اورژانس و بيهوشي: ٢٠

2004 American College of Surgons  ACS Surgery   Principles & Pracitce  (CD I , II)    (E-Book) 1.20 
 Advanced Pediatric Life Support: The Critical First Hour  CPR and ACLS Review  (David G. Nichols, MD) ــــــ

 :دهد  ريوي پيشرفته در كودكان و بالغين شرح مي- در مورد احياء قلبيCDاين 
1: Initial Evaluation,  2: Airway Management,  3: Epiglottitis and Gidup,  4: Respiratory Failure,  5: Advanced Pediatric CPR,   6: Resuscitative Drugs 

2.20 

2000 ANESTHESIA   (Ronald D. Miller, MD)   (Fifth Edition) 3.20 
2002 Anesthesiology   (The Journal of the American Society of Anesthesiologists, Inc)  Abstracts of Scientific Papers 4.20 
2000 Anesthesiology   (The Journal of the American Society of Anesthesiologists, Inc)  Abstracts of Scientific Papers 5.20 
2004 Clinical Procedures in EMERGENCY MEDICINE   (4th Edition)  (James R. Roberts, MD, Jerris R. Hedges, MD, MS)  (E-Book)  (CD I, II) 6.20 
 Emergency Medical Training  (MedEMT)    Victory Technology, Inc. Presents    (DISC ONE, TWO) ــــــ

 

MedEMT Overview Emergency Medical Services (EMS) The Well-Being of the EMT-Basic Anatomy and Physiology-Part 1 Anatomy and Physology-Part 2 

Medical Terminology Vital Signs and SAMPLE History Lifting and Moving Patients Airway Management Patient Assessment 

Medical and Behaval Care I Medical and Behavioral Care II Obstetric and Gynecological Care Trauma Infants and Children 

Operations Appendix A: Video/Animation List Appendix B: Victory Products  

7.20 

2004 EMERGENCY MEDICINE  A COMPREHENSIVE STUDY GUIDE   (Rosen's )  (Volume 1-3)  (Sixth Edition)  (Judith E. Tintinall, MD, MS) 8.20 
1999 EMT-Basic Slide Set  Slide Program Guide  (John A. Stouffer, EMT-P, Richard S. Bennett, RN, EMT-P, BSN)  (Mosby) 9.20 
 Peripheral Regional Anaesthesia   Tutorial in the Ulm Rehabilitation hospital   (Prof. Dr. Med. H. Mehrkens)     (VCD)  (CD I , II) ـــــ

1. Anatomical Fundamentals       2. Peripheral Neve Stimulation       3. Regional Anaesthesia       4. Upper, Lower Extremity      5. Peripheral Neve Blocks      6. Peripheral Neve Blocks 
10.20

 The American Academy of Pediatric  (David G. Nichols, MD Associate Professor of Anesthesiology and Clinical Care Medicine) ــــــ
-Intitial Steps in Resuscitation     -Ventilating the Infant     -Chest Compressions     -Endotracheal Intubaion 

11.20 

 The Lipponcott-Raven Interactive Anesthesia Library on CD-ROM    (Version 2.0)  (Paul G. Barash, MD) 12.20 ـــــ

 The Massachusetts General Hospital Handbook of Pain Management   (Salekan E-Book) ـــــ
 

 به علت دستيابي راحت پزشكاني كه با بيماران دردمند، سروكار دارنـد،  Poacet guide از Editionاين . دهد گردند، در اختيار كاربر قرار مي  اجرا مي Mass.Genباشند و در بيماران  ي از اطلاعاتي كه در درمان مؤثر درد مورد نياز مي ديدگاه كامل و مفيدCDاين 
 .دهد هاي مختلف درد اعم از حاد، مزمن و درد كانسر را پوشش مي دهد و جنبه اي درماني مختلف را مورد بحث قرار مي  مواليتهCDبا مرور مباحث عمدة درد، اين . باشد مشهور مي

 .باشد ات دارويي كامل مي اطلاع-درد صورت         - مداخلات راديوتراپي و راديوفارماسي براي دردهاي كانسر         - مداخلات جراحي و جراحي اعصاب         -:         شامل

13.20 

2002 New Analgesic Options: Overcoming Obstacles to Pain Relief 
- MD, NP, PA, RN Answer Sheet      -Pharmacist Answer Sheet      -Back Pain     -Fibromyalgia     -OA Pain      -Post Op Pain     -Trauma     -References 

48.9 

2005 Textbook of CRITICAL CARE (Salekan E-book) 
SECTION I   RESUSCITATION AND MEDICAL EMERGENCIES 
SECTION II  TRAUMA 
SECTION III  IMAGING 
SECTION IV CELL INJURY AND CELL DEATH 
SECTION V  INFECTIONS DISEASE 

11.20 
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SECTION VI ENDOCTINOLOGY,  METABOLISM, NUTRITION, PHARMACOLOGY 
SECTION VII CARDIOVASCULAR 
SECTION VIII PULMONARY 

2005 Miller's Anesthesia  (Vol I & II)  (Salekan E-book) 
SECTION I: INTRODUCTION 
SECTION II: SCIENTIFIC PRINCIPLES 
SECTION III: ANESTHESIA 
VOLUME 2 
SECTION IV: SUB SPECIAL TV 
SECTION V: CRITICAL CARE MEDICINE 
SECTION VI: ANCILLARY 
RESPONSIBILITIES AND PROBLEMS 
 

COMPANION VIDEO CD-ROM 
Video 1 Patient Positioning in Anesthesia 
Video 2 Code Blue Simulation 

12.20 

2004 NEW YORK SCHOOL OF REGIONAL ANESTHESIA PERIPHERAL NERVE BLOCKS PRINCIPLES AND PRACTICE 
-TRAINING IN PERIPHERAL NERVE BLOCKS     - ESSENTIAL REGIONAL ANESTHESIA ANATOMY     -EQUIPMENT AND PATIENT MONITORING IN REGIONAL ANESTHESIA  
-PERIPHERAL NERVE STIMULATORS AND NERVE STIMULATION                                                           -CLINICAL PHARMACOLOGY OF LOCAL ANESTHETICS       
-NEUROLOGIC COMPLICATIONS OF PERIPHERAL NERVE BLOCKS      -KEYS TO SUCCESS WITH PERIPHERAL NERVE BLOCKS     -CERVICAL PLEXUS BLOCK                         
-INTERSCALENE BRACHIAL PLEXUS BLOCK                                            -INFRACLAVICULAR BRACHIAL PLEXUS BLOCK                   -AXILLARY BRACHIAL PLEXUS BLOCK      
-INTRAVENOUS REGIONAL BLOCK OF THE UPPER EXTREMITY            -CUTANEOUS NERVE BLOCKS OF THE UPPER EXTREMITY -THORACIC PARAVERTEBRAL BLOCK 
-THORACOLUMBAR PARAVERTEBRAL BLOCK                                         -LUMBAR PLEXUS BLOCK      - SCIATIC BLOCK: POSTERIOR APPROACH 234 
-SCIATIC BLOCK: ANTERIOR APPROACH 252           -FEMORAL NERVE BLOCK             -POPLITEAL BLOCK: INTERTENDINOUS APPROACH         -POPLITEAL BLOCK: LATERAL APPROACH 
-ANKLE BLOCK                                 - WRIST BLOCK                            -CUTANEOUS NERVE BLOCKS OF THE LOWER EXTERMITY               -DIGITAL BLOCK 

13.20 

 Interactive Regional Anesthesia 14.20 ــــــ

 

 ؛ اورولوژي٢١

2002 Adult and Pediatric Urology    (Jay Y. Gillenwater, john T. Grayhack, Stuart S. Howards, Michael E. Mitchell) 

Adult Urology         Adult Urology Continued          Pediatric Urology           Video Library 

1.21  

2000 Advanced Therapy of Prostate Disease  (Martin I. Resnick, MD, Ian M. Thompson, MD) 
 

 .شدبا هاي پروستات مي ها در مورد چگونگي تشخيص و درمان بيماري رفرانس. باشد هاي پروستات مي ها در مورد چگونگي تشخيص و درمان بيماري  بوده و يكي از بهترين رفرانسAcrobat readerاي در محيط   صفحه٦٤٨اين كتاب 

 .باشد  فصل مي٧١اين كتاب الكترونيكي شامل 
  غربــالگري كانســر پروســتات، -٩ و ١١ و ١٢فصـول   . فاكتورهــاي ملكـولي در ارزيــابي كانســر پروسـتات  -٨فصــل .  الگــوريتم ارزيـابي خطــر پروســتات كانسـر شــرح داده شــده اسـت   -٧فصــل .  اپيــدميولوژي كانســر پروسـتات شــرح داده شــده اسـت  ٦-١فصـول  

 . راديكال پروستاتكتومي: آمادگي بيمار براي-١٩ كانسر پروستات، فصل staging تشخيص و -١٧-١٨فصل  .خچة فيزيولوژي پروستات و تاريخچة پاتوبيولوژي كانسر پروستات بيان شده استتاري -١٣-١٦فصول .  ابزارهاي تشخيصي-١٠فصل 
 Staging (TNM) در هـر فصـل   -٣٩-٣٠تراپـي و كرايرتراپـي كانسـرهاي مختلـف پروسـتات        و هورمونالBrachy therapy راديوتراپي، -٢٩-٢٤. Radical Perianal Prostatectomy -٢٣. هاي جراحي آنها هاي مختلف در روشStage -٢٢ و ٢١ و ٢٠

-٤٧ اختياري بعد از عمـل جراحـي پروسـتات    تراپي براي بي  كلاژن-٤٥ آرتيفيشتال  genitourinary اسفنكتر -٤٤... تراپي و   و هورمونPSAا  چگونگي ارزيابي بيماران بعد از عمل پروستاتكتومي ب-٤٠-٤٣  جداگانه شرح و روش درمان آن نيز توضيح داده شده است
 پـاتوفيزيولوژي انسـداد مجـراي خروجـي مثانـه و      -٥٤. هاي ديگـر   نسبت اوروديناميك و ابنرمالي-٥٢-٥٣ . BPHبه  نگرش سلولي و هورموني -٥١درماني و راديوتراپي   جلوگيري از عود كانسر با شيمي-٥٠-٤٨   و انوركتال erction تدابير درماني براي عوارض -٤٦

 BPHهاي مختلف جراحـي در    روش-٦٠-٦٦ ردوكتاز 5αهاي  هاركننده م-٥٩ BPHآمادگي و انتخاب درمان مناسب براي / هاي ارزيابي  روش-٥٧-٥٨كي بايد مداخله كرد؟ : BPH -٥٦ BPH  جلوگيري از پيشرفت و عوارض بلندمدت -٥٥   Vodingاختلال در 
 .ها در پروستات پاتوفيزيولوژي، تشخيص افتراقي، فاكتورهاي مؤثر در پروگنوز و جديدترين درمان:  پروستات-٦٧-٧١).  پروستاتكتوميopen و فيتوتراپي و TUFP ،TUIP، ليزتراپي، needle Ablation اورترال  ترانس(شامل 

2.21  

 Atlas of RENAL TRANSPLANTATION     (Prof. Legndre, Martin, Helenon, Lebranchu, Halloran, Nochy) ــــــ

-Histopathology          -surgery        -clinical section         -imaging         -immunology       -immunosupperssive 

5.15 
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 AUA Vide Digest The American Urogical association (AUA) Impotence and Infertility ـــــ

 .باشد  ميInfertilitey و Impotenceكه شامل مباحث . باشد  مي(AUA video digest)هاي آمريكا  هاي آموزشي انجمن اورولوژيست  شامل يكي از سري فيلمCDاين 

  (Diagnosis8 treatment option). دادن فيلم آموزش توسط اساتيد مربوطه داده شده است يصي و سپس انتخاب درمان مناسب آن بيان شده و سپس در حين نشانهاي تشخ ابتدا در مورد روش)  الف:Impotenceقسمت اول 
 .لم نشان داده شده استدر اين قسمت چگونگي انجام عمل جراحي با توضيح حين عمل با في: Penile Venous Ligation)                                  ب

 
گذاري  هاي مورد نياز و طرز كار آنها با فيلم نشان داده شده و سپس طريقه انجام پروب  مورد بحث قرار گرفته و سپس تجهيزات و دستگاهejaculationدر اين قسمت پاتوفيزيولوژي : Infertiliry  :Rectal Probe Electroejaculationقسمت دوم 

 . به نمايش درآمده استejaculationو ايجاد 

3.21  

2004 BLADDER BIOPSY INTERPRETATIONS   (Jonathan I. Epstein, M.D., Mahul B. Amin, M.D., Victor E. Reuter, M.D.)    (CD I, II)  (SALEKAN E-BOOK)  
 :باشد ث زير مياين كتاب كه در مركز خدمات فرهنگي سالكان تبديل به كتاب الكترونيكي گرديده است شامل مباح

Normal Blodder Anatomy and Variants of Normal 
histology 

Flat Urothelial Lesions Papillary Urothelial Neoplasms with Inverted Growth 
Patterns 

Invasive Urothelial Carcinoma Conventional Morphologic, Prognostic, and Predictive Factors and Reporting of 
Bladder Cancer Glandular Lesions 

Squamous Lesions Cystitis Mesenchymal Tumors and Tumor-Like Lesions 
Miscellaneous Nontumors and Tumors Second ary Tumors of the Bladder  

4.21  

 Bristol Urological Institute   (Computer Aided Learning Program) ــــــ

 . ارزيابي دانش اورولوژي هر شخص و چگونگي فهم مطالب و كم به بهترفهميدن و تصميم گرفتن در مورد مباحث اورولوژي استCD براي افزايش معلومات حفظي نيست بلكه هدف اين CDبه گفتة مؤلفين اين 
 :اي است و شامل مباحث  گزينه٤هاي   شامل تستCDاين 

  كانسر پروستات-١٠ اختلالات اسكروتوم         -٩اختياري ادرار         بي-٨      هاي كليوي  سنگ-٧ عقيمي مردان  -٦ هماتوري      -٥ علائم دستگاه ادراري تحتاني         -٤ تروماي كليه     -٣ impotence -٢ معاينه بيماران اورولوژي    -١
 در قسمت سوم ابتدا شرح حال بيمـاري و سـپس تصـاوير رنگـي، راديـوگرافي،      -٣.   سپس اهدافي كه با مطالعه اين قسمت از بيماري بايد به دست آورد بيان شده است            -٢.    بوطه آورده شده است   اي در مورد بيماري و اختلالات مر          در هر عنوان ابتدا مقدمه      -١

 .شود  داده ميScoreدر آخر نيز به معلومات شخص . رديده استجوابي بر آن فراهم گ٤اي جداگانه آورده شده و سؤالات  سونوگرافي، پاتولوژي هر اختلال در صفحه

5.21  

2003 CAMPBELL'S UROLOGY   
 

Anatomy Urologic Examination and 
Diagnostic Techniques 

Physiology, Pathology, and Management of 
Upper Urinary Tract Diseases 

Infections and Inflammations of the 
Genitourinary Tract 

Voiding Function & 
Dysfunction 

Benign Prostatic 
Hyperplasia 

Reproductive Function and 
Dysfunction 

Sexual Function and Dysfunction Pediatric Urology Oncology 

Carcinoma of the 
Prostate 

Urinary Lithiasis and Endourology Urologic Surgery Pathology Atlas Radiology Atlas 

Study Guide Additional Media   

6.21  

 Core Curriculum in Primary Care   Patient Evaluation for  Non-Cardiac Surgery and Gynecology and Urology   (Michael K. Rees, MD, MPH) ــــــ
 

CCCاي از   مجموعهCDران و متخصصين هر رشته توسط اعضاء هيئت علمي دانشگاه پزشكي باشد كه براي آموزش مداوم دستيا هايي ميHarvardبنا نهاده شده است . 
CD           اي بـراي   مبحثي، سؤالات مربوطه به صورت چهارگزينهدر آخر هر سخنراني و  . باشد  ها علاوه بر اسلايدهاي آموزشي متن سخنراني نيز در دسترس كاربر مي             هر كدام از اين سخنراني    .    حاضر در مورد جراحي، زنان و اوروژي را گردآوري كرده است

 :باشد شامل مباحث زير مي.  ها آورده شده است سپس خلاصه هر سخنراني به صورت يك مقاله چاپي در مجلات علمي و روزنامه. ارزيابي كاربر آورده شده است

 Male   impotence  عقيمي مردان  -٣                       (AUB).هاي ابنرمال رحم    ارزيابي خونريزي-٢كنيم؟                   ارزيابي و آماده ) بجز جراحي قلب( چگونه يك بيمار را براي اعمال جراحي -١

7.21  

 Core Curriculum in Primary Care  Gynecology   (Michael, Isaac Schiff, Keith, Thomas, Annekathryn) 12.3 ــــــ

 Core Curriculum in Primary Care  Nephrology  (Michael K. Rees, MD, MPH) ــــــ
 

8.21  
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CCCاي از   مجموعهCDباشد كه براي آموزش مداوم دستياران و متخصصين هر رشته توسط اعضاء هيئت علمي دانشگاه پزشكي  هايي ميHarvardبنا نهاده شده است . 
CDهاي تشخيصي را گردآوري كرده است ودار و الگوريتم حاضر مطالبي از نورولوژي به صورت اسلايد، سخنراني ، نم. 

سپس خلاصه هر   . اي براي ارزيابي كاربر آورده شده است        در آخر هر سخنراني و مبحثي، سؤالات مربوطه به صورت چهارگزينه          . باشد  ها علاوه بر اسلايدهاي آموزشي متن سخنراني نيز در دسترس كاربر مي             هر كدام از اين سخنراني    
 .ها آورده شده است  به صورت يك مقاله چاپي در مجلات علمي و روزنامهسخنراني

 . موجود استCDمباحث زير در اورولوژي در اين 
1- How to erahcate Renal mass/Tumor       2- Drugs vs Diet in Modifying Renal failure                   3-  Treatment of Mypertension-Special Case    4-Clinical Application of Renal Physiology 

  Cystectomy and Construction an Ileocecal Neobladder for Urethral Voiding    (John A. Libertino MD, FACS) 9.21 ــــــ

  Erectile Dysfunciton   Current Investigation and Management  (lan Eardley, Drishna Sethia) 10.21 ــــ
2004 Hot Topics in UROLOGY    (Roger S Kirby, Michael P O'Leary)  (SALEKAN E-BOOK) 

 
Premature ejaculation Michael P O'Leary New developments for the treatment of  erectile dysfunction: Present and Future Erectile dysfunction and cardiovascular disease 

Angiogenesis as a diagnostic and  therapeutic tool in urological malignancy  Chemoprevention of prostate cancer  Apoptosis in the prostate  
Robotic surgery and nanotechnology  Marginally worse? Positive resection  limits after radical prostatectomy  Adjuvant therapy for prostate cancer 

Bisphosphonates: a potential new treatment  strategy in prostate cancer  I mmunotherapy for prostate What,s hot and whats not - the medical management of BPH  
Three-dimensional imaging of the upper urinary tract Future prospects for .. nephron conservation in renalcel I carcinoma   Urethral stricture surgery: the state of the art  
Reducing medical errors in urology Management of female sexual dysfunction   Laparoscopic radical prostatectomy  
Antisense therapy in oncology: current  The overactive bladder Organ preserving therapies for penile carcinomas  

11.21  

2004 Male and Famale  Sexual Dysfunction    (Allen D. Seftel)     (Salkan E-Book) 12.21  
2004 Pelvic Floor Exercises for Erectile Dysfunction  (Grace Dorey phD MSCP) 13.21  
 PRIMER ON KIDNEY DISEASES (Second Edition)   (NATINAL KINDEY FOUNDATION SCIENTIFIC ADVISORY BOARD) ــــ

 
 .باشد  صفحه مي٥١٧ فصل و مشتمل بر ١١شامل .  اين كتاب الكترونيك در محيط اكروبات اجرا شده است

 .باشد ، هماتوري، پروتئين ادراري، تكنيك تصويربرداري از كليه ميU/Aيزيولوژي ، ارزيابي فانكشن كليه ، آناتومي، ف:  شامل ساختمان وفانكشن كليه و ارزيابي باليني كليه-١فصل 
 .باشد هيپووهيبرناتومي، اسيدوز، الكالوزمتابوليك، اختلالات متابوليسم پتاسيم و كليسيم ، منيزيوم و ديورتيك مي: شامل اختلالات اسيد و باز و الكترونيك -٢فصل 
 .باشد  نفروپاتا ميIGA و سندروم گودپاسچر و MCD ،MPGN ،FSGN ،MGNايمونوپاتوژنز بيماري اي گلومروي، :  شاملGlomerular Diseuse -٣فصل 
 .باشد مي.... هاي كليه و   و بيماريHIVيه، ديابتيك نفروپاتي و هاي روماتيسمي و كل  و بيماريSLEها و كليه،   و اسكوليتPSGNهاي كبدي،   و بيماريCHFكليه در : شاملباشد  هاي سيستميك مي  كليه و بيماري-٤فصل 
 .باشد  و درمان ميapproachپاتوفيزيولوژي، علل، :  شامل نارسائي حاد كليه-٥فصل 
  و كليه و موارد داروي درماني در نارسائي كليهNSAIDشامل :  داروهاي و كليه-٦فصل 
 هاي كسيتيك كليه  و بيماريAlport كليه، سندروم Cysticهاي  ، بيماريSickle cell نفروپاتي : اختلالات ارثي كليه-٧فصل 
 .آنهاي كليه و مجاري  هاي كليوي انسداد مجاري و سرطان هاي كليوي ، عفونت  هاي كليوي، عفونت بيماري كليه و ليتيوم سرب، اگزالات سنگ:  شامل نفروپاتي توبولواينترستيشيل و اختلالات مجاري اداري-٨فصل 
 .كليه در نوزادان و كودكان، كليه در حاملگي، كليه در پيري‚  شامل  كليه و موارد خاص-٩فصل 
 .ليه و چگونگي دارودماني در آنها و پيوند كCRF، تظاهرات قلبي، عصبي، هماتولوژي، غددي CRFآگهي و تغذيه  سندروم اورمي، همودياليز و هموفيلتراسيون دياليز صفاتي، پيش:  شامل نارسائي مزمن كليه و درمان-١٠فصل 
 . و درمان فشار خونRenovascularپانوژنز، فشار خون اساسي، فشار خون :  شامل فشار خون-١١فصل 

14.21  

2003 The Journal of UROLOGY   (Spring & Summer)      (CD I, II)     (Official Journal of the American Urological  Association) 
 

CD I:     - Clinical Urology     -Pediatric Urology    -Investigative Urology     -Urological Survey 

15.21  
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CD II:    - Clinical Urology     -Pediatric Urology     -Investigative Urology     -Urological Survey     -CME Participant Assessment Test and Course Evaluation 

 Urogynecology: Evaluation and Treatment of Urinary Incontinence  (Bruce Rosenzweig, MD, Jeffrey S. Levy, MD, Donald R. Ostergard, MD) ــــــ
 

 . دارد وجودCD كه به صورت تصاوير كاملاً رنگي بوده و توضيحات به صورت نوشتاري و فايل صوتي كه بر روي هر قسمت از اين CDاين 
Urogynechology  قسمت مجزا دارد شامل٤  :         

١-   Introduction Definigg Incontinence          ٢- Evaluation          ٣-  won surgical & surgical Management         ٤-  Consideration for the OB/GYN Generalist 

١ (:Introduction & Defining Incontince     تشخيص     :اين قسمت خود شامل مباحث incontince       affected women      Patient misconceptions 
 incontinence awareness       Types of incontinernce    

 incontinency:ارزيابي بيماران با ) ٢
  un  ,  u/s         Voiding diary     نات بالينيمعاي     تاريخچه      Pad test     Cystometrogram     Postvoid residual     uroflowmetry     Cystoscopy 
  Multi-Channel urodynamics      Pessary test 

  :Stress urinary incontinenceتدابير درماني جراحي و غير جراحي در ) ٣
 . بحث شده است....)  و funetional electrieal Stimalationهاي داروئي   و درمان(biofeedback, Beharioral modification( درماني غيرجراحي  باشد و سپس روش مورد روش درماني ميگيري در  اين قسمت شامل الگوريتم تصميم

هـا    ايـن روش  Complicationها ذكـر شـده و در آخـر     هاي بعدي مقايسه درصد موفقيت روش در قسمت. ده شده است اعمال جراحي شرح داProcedureهاي انجام جراحي بحث شده و سپس  ابتدا در مورد روش: هاي جراحي روش
 .توضيح داده شده است

٤ (Consideration for the OB/Gyn Generalist:  
 urogynechology as a subdiscipline          Non surgical therapy         incontinrence management to private patients     eystometry   :در اين فصل

         professional consideration                     Urodynamics             Set-up requirement equipment cost           Allied Staffمورد بحث قرار گرفته است       . 

16.21  

2004 Smith's    General Urology    (Sixteenth edition)  (Emil A. Tanagho, Jack W. Mcaninch)   (Salekan E-Book) 17.21  

2004 Glenn's   Urologic Surgery     (Sixth Edition)    (Sam D. Graham, James F. Glenn,)  (Salekan E-Book)     18.21  
 The Kidney    (Volume 1-2)    Seven Edition  (Barry M. Brenner)   (E-Book) ــــ

 
 .اين كتاب الكترونيكي شامل دو جلد است 

 :و بخش است اين جلد داراي د.آنها در سمينارها و همينطور جهت آموزش مناسب باشد سازد تا استفاده از  كيفيت بالاي تصاوير، اين امكان را فراهمي مي. در انتهاي هر بخش كتاب، تصاوير مربوطه با وضوح بالا آورده شده است
 
دهها .... ، كنترل ترشح كليوي پتاسيم و ....ها در اين بخش مباحثي همچون آناتومي كليه، رشد و بلوغ كليه، اصول متابوليك انتقال يون، جريان خون كليه، انتقال كليوي گلوكز، اسيد آمينه، سديم هاي مختلف كليه طبيعي و عملكرد هر يك از اين بخش    قسمت -١

 .اند مطرح شدهعنوان ديگر 
هـاي   مزه و انـواع آن، هيپونـاترمي و ايتولـوژي    ، ديابت  بي CHFها، ادم در سيروز، ادم در  ، پروستاگلاندينAVPكنترل حجم خارج سلولي و پاتوفيزيولوژي ادم، عوامل مؤثر بر هموستاز مايع، فاكتورهاي مؤثر بر توبرل كليه، :  اختلال در كنترل حجم مايع بدن-٢

  .باشند دهها مطلب ديگر در اين بخش، در دسترس مي.... ن، اختلالات اسيد و باز، اختلالات توازن پتاسيم، برخورد با بيمار مبتلا به هيپووهيپركاسمي، اختلالات كلسيم و فسفر و مختلف آ
 : قسمت است٣ كتاب شامل ٢ جلد 

 .دهها مطلب ديگر.... هاي ادراري، نفروپاتي توكسيك و  هاي گلومرولي اوليه و ثانويه، عفونت هاي كليه، بيماري در بيماريارزيابي باليني : مباحثي چون :هاي كليه پاتوفيزيولوژي بيماري) الف
 .باشند از جمله مباحث مطرح شده مي... اوري، استئودسيتروفي رنال و ) renovascularاوليه (نئوپلازي كليه، هيپرتانسيون  :هاي كليه پاتوژنز بيماري)  ب
 .در اين بخش بحث شدهاند.... انواع دياليز، ايمونولوژي پيوند، انواع داروهاي ديورتيك و  : برخورد با بيمار مبتلا به نارسايي كليوي)ج

19.21  
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 :  توسط كامپيوتر VCDهاي  طريقة مشاهده فيلم

 را  File  ، Open  را بـاز كـرده ، سـپس از روي منـوي      desktop  ، Xing Mpeg Playerاز روي .  را نصب كنيد  Xing برنامه  Xing playerوي  دستگاه شويد سپس با دوبار كليك بر رCD-ROM  رفته و وارد درايو my computerابتدا به 
 .  را بزنيد Open را انتخاب كرده و Avseq01 رفته و Mpegav سپس به دايركتوري  را انتخاب كنيد،Files of type  . Video CD ( *.dat) دستگاه خود را انتخاب كرده و در قسمت CD-Rom درايو  Look inدر قسمت . انتخاب كنيد

 
   : E-bookطريقه نصب نرم افزارهاي 

 .شود   باز ميAutorun به صورت  PCA pdf book setup صفحه CD-Rom در درايو   E-bookبا از قرار دادن سي دي  -١
 ٣در غيـر اينصـورت بـه مرحلـه     “  را نصب و مراحل آن را تا انتها طي كنيـد  Acrobat برنامه  Acrobat Reader Installationبا انتخاب گزينه “ گذاريد  اين شركت را در دستگاه مي E-book هاي  CD در صورتي كه اولين بار است كه  -٢

 .برويد 
 .   را انتخاب كنيد Execute The Programمنوي  -٣
 .نيد را انتخاب ك  Viewبا انتخاب نام كتاب، گزينه  -٤
 .توانيد مطالعه بفرمائيد شود و كتاب را مي  باز مي Acrobatبرنامه  -٥
 . دهد  را مي Error 110 دستگاه  View مگابايت فضاي خالي داشته باشد  در غير اينصورت بعد از زدن  500  دستگاهتان حداقل \:C براي اجراي برنامه لازم است كه درايو  -٦

 
 

داتتعداد مجل نويسنده/اسامي كتاب  )ريال(قيمت 
RADIOLOGY 

1. Pediatric Radiology  (The Requestions) (Hans Blickman) 200,000 تك جلدي 

2. Differential Diagnosis in Conventioanl Gastrointestinal Readiology (Francis A. Burgener, Marti Konnano) 240,000 تك جلدي 

3. Dynamic Radiology of the Abdomen: Normal and Pathologic Anatomy  (Morton A. Meyers, 5th Edition Springer Verla) 500,000 تك جلدي 

4. Primary Care Radiology  (Mettker, Guibert EAU. VO.SS', URBINA) 250,000 تك جلدي 

5. Textbook of Uroradiology (N. Reed Dunnick, MD, Carl M. Sandler, Md, Jeffrey H. Newhouse, MD, Estephen Amis', JR., MD) 400,000 تك جلدي 

6. Head and Neck Radiology a Teaching File  (Anthony a Mancusd, Hiroya Ojiri, Ronald G. Quisling)(Lippincottt Williams & Wilkins) 400,000 تك جلدي 

7. Essentials of Skeletal Radiology (Terry R. Yochum; Lindsay J. Rowe)   700,000 دو جلدي 

8. Textbook of Radiology & Imaging (David Stutton)   (2003)  دو جلدي
 1,400,000 )اورژينال(

9. Radiology Reviw Manual (Fourth Edition)  (Wolfgang Dahnert)   (2003) 400,000 تك جلدي 

10. Forensic Radiology (B. G. Brogdon MD) 300,000 تك جلدي 

11. The Core Curriculum Neuroradiology  (Mauricio Castillo) (Lippincott Williams & Wilkins) 400,000 تك جلدي 



76 

 ٠٩١٢١٣٧٢٣٦١-٦٩٣٦٦٩٦:            تلفن٢٣٩بست سيمين، پلاك  نژاد، بين كارگر و جمالزاده، بن  لبافيتهران، م انقلاب، خ كارگر جنوبي، خ: نشاني       هاي تخصصي پزشكي       دي ارائه كنندة كتاب و سي:  مركز خدمات فرهنگي سالكان 
 

12. Diagnostic Neuroradiology (Anne G. Osborn) (Mosby) 500,000 تك جلدي 

13. Bone and Joint Disorders  (Conventional Radiologic Differentioal Diagnosis) (Francis A. Burgener Marti Kormano) 300,000 تك جلدي 

14. Atlas of Radiologic Measurement (Theodore E. Keats, Christopher Sistrom) (Mosby) 

هـای   تواند به عنوان یک ابزار بسیار مهم در تفسیر نواحی گردآوری گردیده و می صفحه 630 مبحث و در  14های رادیولوژی و تصویربرداری در       گیری در این کتاب ، قسمت اعظم جداول و نمودارهای معم کاربردی مرتبط با اندازه             
  :باشند فصول این کتاب به قرار ذیل می. مختلف مورد استفاده قرار گیرد

  اندام تحتانی     -     Hip لگن و مفاصل - اندام فوقانی   -و محتویات آن     ستون فقرات - محتیات ادربیت صورت و گردن    -های پارانامال      جمجمه حفره ادربیت و سینوس- محتویات اینتراکرانیال    -
 روقی و لنفاوی سیستم ع- بیومتری و پلوسیتری در جریان حاملگی   - تناسلی       - دستگاه ادراری- دستگاه گوارش   -ها، مدیاستن و جنب     توراکس، ریه- قلب و عروق بزرگ       - بلوغ اسکلتی               -

 400,000 تك جلدي

15. Radiobiology for the Radiologist  (Fifthe Edition) 400,000 تك جلدي 

16. Anatomy Positioning & Procedures Workbook  (Steven G. Hayes) 470,000 تك جلدي 

17. Atlas of Normal Roentgen Variants That May Simulate disease   (Seven Edition) (Theodere E. Keats & Mark W. Anderson) (Mosby) 700,000 تك جلدي 

)پور دكتر پروين علي: ترجمه و گردآوري(مباني اساسي در سونوگرافي داپلر و تجهيزات آن  .18  50,000 تك جلدي 

)ددكتر معصومه گيتي، دكتر الهام رحيميان، دكتر علي عرب خردمن(هاي پستان  اصول تشخيصي و درماني بيماري .19  180,000 تك جلدي 

)دكتر احمد عليزاده: تأليف(ها  هاي افتراقي، بهترين روش تشخيص بيماري ها، تشخيص ها، نادرترين شايعترين .20  50,000 تك جلدي 

21. Radiographic Anatomy Positioning and Procedures Workbook  (Second Edition)  (volume I , II) (Steven G. Hayes, Sr.) 380,000 يدو جلد 

22. Gastrointestinal Radiology  A Pattern Approach  (4th Edition)    (Ronald L. Eisenberg)     (Lippincott Williams & Wilkins)  (2003)   

 صفحه حجم دارد روش ارائه مطالب در این کتاب به 1200صل تدوین گردیده و حدود  ف10 مبحث ، 80مطالب این کتاب در . باشد این کتاب مجموعۀ کاملی از مباحث مختلف مرتبط با تصویربرداری دستگاه گوارش می
 .های افتراقی هر کدام را به خوبی از دیگر الگوها تمیز دهد بندی نموده و تشخیص سازد تا الگوهای تصویربرداری مختلف دستگاه گوارش را دسته  بوده و خواننده را قادر میPattern Approachصورت 

 600,000 ديتك جل

23. Imaging Atlas of Human Anatomy (Third Edition)  (Jamie Weir, Peter H. Abrahams)   (2003) 250,000 تك جلدي 

24. Pediatric Sonography  (Third Edition)  (Thieme)  (Francis A. Burgener, Steven P. Meyers)  (2004) 600,000 تك جلدي 

25. Musculoskeletal Imaging Companion (Thomas H. Berquist)  (2002) 500,000 تك جلدي 

26. Practical Guide to Abdominal & Pelvic MRI  (John R. Leyendecker, Jeffrey J. Brown) تك جلدي  

SONOGRAPHY 

27. Ultrasonography in Urology  A Practical Approach to Clinical Problems (Edward I. Bluth-Peter H.) 350,000 تك جلدي 

28. Seminars in Ultrasound CT and MR 70,000 تك جلدي 

29. Diagnostic Ultrasound (Rumack, Wilson, Charboneau)  (2005) 
های بسیاری داشته است نیـاز بـه بـازنگری در      سال گذشته پیشرفت6ول از آنجا که دانش سونوگرافی در ط. باشد ترین مرجع سونوگرافی در جهان می  به پایان رسید و به عنوان رایج 1991چاپ اول این کتاب که در سال        

 .شد این کتاب احساس می

 1,400,000 دو جلدي
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صـول کتـاب شـامل    ف. انـد  اند تا آخرین دستاوردهای دانش سونوگرافی در زمینه تصویربرداری، تشخیص و کاربرد آنها را به رشـته تحریـر درآورده                   در این کتاب بیش از یکصد نویسنده متخصص درسونوگرافی تلاش کرده          
. باشد به حجم کلی کتاب افزوده شده است بحث عمده افزایش حجم مربوط به سونوگرافی زنان و زایمان می             % 25در کلی   . باشد های بیوپی تحت هدایت سونوگرافی نیز می       هیستروسونوگرافی لاپاروسکوپیک سونوگرافی و تکنیک    

هـای رنگـی مطالـب و     کدبنـدی . تغییرات جدیدی برای سهولت خواندن و درک مطلب در ساختار ویرایش انجام شـده اسـت             .  تصویر تمام رنگی در ویرایش جدید وجود دارد        450اند و بیش از      تعداد زیادی از تصاویر جایگزین شده     
جلـد اول شـامل     . این کتاب در دو جلد نوشته شده اسـت        . اند تری بازنویسی شده    به صورت دقیق   اند و مراجع استفاده شده     تر نوشته شده   تر درشت  مطالب مهم .  شده برای نکات کلیدی تشخیصی انجام شده است        highlightجداول  

. باشـد   می(interrcntional)ای  های مداخله  فصل دوم شامل سونوگرافی سونوگرافی شکم و لگن، توراکس و روش          . باشد باشد فصل اول شامل فیزیک و اثرات بیولوژیک سونوگرافی و مواد حاجب در سونوگرافی می               پنج فصل می  
جلـد دوم کتـاب شـامل    . ها و وریدهای محیطی است که شامل کاروتید، شریان. کند  را ارائه می (small part)دهد فصل چهارم تصویربرداری اعضاء کوچک   و لاپاراسکوپیک را شرح میIntraoperativeفصل سوم سونوگرافی 

خواندن ایـن  . ای در اطفال به این فصل افزوده شده است       بخش جدید در مورد سونوگرافی داپلر اطفال و سونوگرافی مداخله         . است و نهایتاً فصل ششم سونوگرافی اطفال است       فصل پنجم که بحث کامل سونوگرافی زنان و مامایی          
 .گردد کتاب متخصصین و دستیاران رادیولوژی دانشجویان پزشکی و سونوگرافها توصیه می

30. Diagnostic Ultrasound (John P. McBany Gorgon, B. Gorgon, MD)  (2005) زير چاپ تك جلدي 
31. Ultrasound A Practical Approach to Clinical Problems (Edward Bluth, Peter H. Arger Carol B. Benson, Philip W. Rails, Marilyan)  (Thieme) 500,000 تك جلدي 

32. Breast Ultrasound (A. Thomas Stavros, MD, FACR)  (2004) 800,000 تك جلدي 

33. Musculosceletal Ultrasound   (Thomas R. Nelson, Donal B. downey, Dolores H. Pretorius, A aron Fenster) 500,000 تك جلدي 

34. The Core Curriculum Ultrasound (William E. Brant) (Lippincott Williams & Wilkins)    400,000 جلديتك 

35. Ultrasound in Obstetrics and Gynecology (Eberhard Merz)  (Thieme)   (Vol.1: Obstetrics    2005 800,000 تك جلدي 

36. Color Atlas of Ultrasound Anatomy (B. Block) (Thieme)   (2004)  450,000 

CT 

37. Fundamentals of Body CT (Second Edition) (Webb & Brant & Helms) 250,000 تك جلدي 

38. Body CT A Practical Approach 240,000 تك جلدي 

39. High Resolution CT of the Lung (W. Richard Webb) 280,000 تك جلدي 

40. High Resolution CT of the Chest Comprehensive Atlas (Second Edition) (Eric J. ster, Stephen J. Swensen)(Lippincott Williams&Wilkins) 320,000 تك جلدي 

41. Pediatric Body CT (Marilyn J. Siegel) 320,000 تك جلدي 

42. CT Teaching Manual (Marthias Hofer)  (Thieme)   (2000) 250,000 تك جلدي 

43. CT Teaching Manual (A Systematic Approach to CT Reading)  (Second Edition) (Thieme)   (2005) 550,000  جلديتك 

44. Spiral CT (Eliot K Fishman & R. Brocke Jeffrey) 400,000 تك جلدي 

45. Helical (Spiral) computed Tomography   (A Practical Approach to Clinical Protocols)   (Paul M. Silverman) 250,000 تك جلدي 

46. Norma findings in CT and MRI (Torsten B. Moeller, EmilReif)  (Thieme) 300,000 تك جلدي 

47. CT and MR Imaging of the Whole Body (John R. Haaga, MD)   (2003) 1,000,000 دو جلدي 

48. Multidetector CT  (Principles, Techniques, & Clinical Applications)  (Elliot K. Fissman, R. Brooke Jeffrey, JR.) 550,000 تك جلدي 

49. Spiral and Multislice Computed Tomography of the Body  (Aart J. Van der Molen Cornelia M. Schaefer-Prokop) (Thieme)  (2003) 800,000 تك جلدي 
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MRI 

50. MRI of the Musculoskeletal System  (Thomas H. Berquist) 600,000 تك جلدي 

51. MRI of the Musculoskeletal System   MRI Teaching file Series  (Karence K Cahn, Mini Pathria) 240,000 تك جلدي 

52. MRI of the Head and Neck  MRI Teaching file Series (Jrffrey S. Ross) 240,000 تك جلدي 

53. MRI of the Spine  MRI Teaching file Series (Jeffrey S. Ross)  240,000 تك جلدي 

54. MRI of the Brain I & II  MRI Teaching file Series (Michel Brant, Zawadzki and…) 480,000 دو جلدي 

55. MRI the basics fray h. Hashemi and William g. bradley, Jr.) (Williams & Wilkins) 35,000 تك جلدي 

56. MRI Principles (Donald G. Mitcell, MD) 190,000 تك جلدي 

57. Clinical Pelvic Imaging CT, Ultrasound, and MRI (Arnold C. Friedman, MD) 300,000 تك جلدي 

58. Magnetic Resonance in Medicine The Basic Textbook of the European Magnetic Resonance Forum (Peter A. Rinck) 105,000 تك جلدي 

59. Magnetic Resonance in diagnosis of C.N.S. disorders (vaso antunavic, gradimir dragutinovic, zvonimir lec)  (Thieme) 450,000 تك جلدي 

60. Section and MRI anatomy of the human body (slobodan marinkovic, milan milisavljevic, dieter sehellinger, vaso antunovic) (Thieme) 450,000 تك جلدي 

61. PRACTICAL GUIDE TO ABDOMINAL & PELVIC MRI  (JOHN R. LEYENDECHER, JEFFERY J. BROWN) 450,000 تك جلدي 

Doppler 

62. Vascular diagnosis with Ultrasound Clinical References With Case Studies (Hennerici, Neuerburg-Heusler)(Thieme) 600,000 تك جلدي 

63. Introduction to Vascular Ultrasonography  (Fourth Edition)  (Zwiebel) (James Saunders) 
هاي اخير در عرصه راديولوژي ، تصويربرداري و سونوگرافي داپلر را از نظر دور نداشته و اين روش را به عنوان يك شيوه آلترناتيو غيرتهاجمي كارآمد مورد بررسي عروق بدن در كنـار آنژيـوگرافي پيشرفت
هـاي و شـامل سرفصـل  . پردازد هاي بدن مي  و ارگان به بحث و بررسي آخرين دستاوردهاي سونوگرافي داپلر در تشخيص پاتولوژي) تر بحث جزئي م٣١ بر  مشتمل( بخش اصلي ٥ كتاب در اين .قرار داده است

 :باشد ذيل مي
  و تجهيزات لازم    B-modeفيزيك داپلر و سونوگرافي . ٢هاي عروق محيطي    نكات قابل توجه هموديناميك مربوط به بيماري. ١:    اصول سونوگرافي داپلر-الف
 مواد حاجب سونوگرافيك    . ٥هاي عروقي    نقش داپلر رنگي در تشخيص بيماري. ٤فركانس داپلر    ) موج(آناليز طيف . ٣
 ارزيابي سونوگرافيك پلاك كاروتيد. ٩ارزيابي داپلر كاروتيد    هاي  شرائين كاروتيد نرمال و تكنيك. ٨آناتومي نرمال عروق مغزي   . ٧مقياس در سونوگرافي داپلر عروق مغزي   . ٦   : عروق مغزي-ب
 (TCD)سونوگرافي داپلر ترانس كرانيال . ١٣ارزيابي اولتراسونيك عروق و رتبرال    . ١٢)   ديسكنسيون -شامل اسداد(موضوعات متفرقه با كاروتيد . ١١ارزيابي داپلر تنگي كاروتيد    . ١٠
هاي شرياني اندام تحتاني  هاي فيزيولوژيك جهت ارزيابي بيماري نقش. ١٦ها     آناتومي شرياني اندام. ١٥ها    هاي شرياني اندام گيري بيماري هاي غيرتهاجمي در پي  نقش روش. ١٤ :ها هاي اندام  شريان-ج
 هاي اندام تحتاني    سونوگرافي داپلر شريان. ١٨هاي اندام فوقاني     ارزيابي شريان. ١٧
 )هاي تكنيكي جنبه(ها  ارزيابي وريدهاي اندام. ٢٢ترمينولوژي و كاراكترهاي نرمال    . ٢١ها     آناتومي وريدي اندام. ٢٠ها     مقياس سونوگرافي داپلر در ارزيابي وريدهاي اندام. ١٩  :ها ي اندام وريدها-د

 ندام  و پامولوژي غيروريدي ا(AVF)فيستول شرياني وريدي . ٢٤ترومبوز وريدي    . ٢٣

 600,000 تك جلدي
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 اختلالات عروقي كبد . ٢٩هاي احشائي    ارزيابي اولتراسونيك شريان. ٢٨هاي ايلياك    آئورت، شريان. ٢٧آناتومي و نماهاي نرمال سونوگرافيك داپلر عروق شكمي   . ٢٦ :  عروق شكمي-ه
 Penisي معمولي و داپلر سونوگراف. ٣١     ) و كلية پيونديNativeمربوط به كلية (ارزيابي داپلر عروق كليوي . ٣٠

64. Teaching Manual of Color Duplex Sonography A Wokbook in color duplex ultrasound and echocardiographer (Matthias Hofer) (Thieme)  (2005) 550,000 تك جلدي 

65. Vascular Ultrasound of the Neck an Interpretive atlas (Antonio Alayon)(Lippincott Williams & Wilkins) 400,000 تك جلدي 

66. Duplex Scanning in Vascular Disorders (Third Edition) (D. Eugene Strandness, Jr.) 600,000 تك جلدي 

67. Doppler Ultrasound in Gynecology and Obstetrics (Christof Sohn, Hans-Joachim Voigt, Klaus Vetter)   (2004) 500,000 تك جلدي 

Imaging 
68. Skeletal Imaging Atlas of the Spine and Extremities (John A. M. Donald Resnick, MD) 500,000 تك جلدي 
69. Imaging for Surgeons  90,000 تك جلدي 
70. Imaging of the Newborn, Infant and Young Child   (Fourth Edition)  (Leonard E. Swischuk)   (2004) 600,000 تك جلدي 
71. Thoracic Imaging  A Practical Approach (Richard H. slone Fernando R. Gutier) 250,000 تك جلدي 
72. Gastrointestinal Imaging, Case Review (Peter J. Feczko, Obert d. Halperi) 250,000 تك جلدي 
73. Imaging in Hepatobiliary and Pancreatic Disease  A Practical Clinical Approach  (Dirk Van Leeuwen, Jacques Reeders, Joe Ariyama) 500,000 تك جلدي 
74. Aids Imaging A Practical Clinical Approach  (J WA J. Reeders, J. R. Mathieson) 420,000 تك جلدي 
75. Special Procedures in diagnostic Imaging (C'lark's)(A. Stewart Whitley, Chrissie W. Alsop Adrin D. Moore) 350,000 تك جلدي 
76. Breast Imaging (Second Edition)  (David B. Kopans) 500,000 تك جلدي 
77. The Core curriculum Breast Imaging  (Gilda Cardenosa) 00,000 4 تك جلدي 
78. Neuroimaging I & II (William It. On'ison, jr) 900,000  جلديدو 
79. Fundamentals of Neuroimaging (William w. Woodruff.M.D.) 360,000 تك جلدي 
80. Magnetic Resonance Imaging computed Tomography of the Head and Spine (C. Barrie Grossman) 400,000 تك جلدي 
81. Atlas of Musculoskeletal Imaging (Thomas Lee Pope, Jr. Stephen Loehr)(Thieme) 420,000 تك جلدي 
82. Atlas of Head and Neck Imaging (The Extracranial Head and Neck) (Suresh K. Mukherji, Vincent chong) 500,000 تك جلدي 
83. Magnetic Resonance Imaging of Orthopeadic Trauma (Stephen J. Eustace)(Lippincott Williams & Wilkins) 250,000 لديتك ج 
84. Pediatric Gastrointestinal Imaging and Intervention (David A. Stringer-Paul S. Babyn MDCM) 500,000 تك جلدي 
85. Modern Head and Neck Imaging Medical Radiology, Diolopy, Nostic Imaging (S. K. Mukhetji, J. A. castelijins)(Springer) 260,000 تك جلدي 
86. Variants and Pitfalls in Body Imaging (Ali Shirkhoda)(Lippincot Williams & Wilkin's) 500,000 تك جلدي 
87. Clinical Imaging 580,000 تك جلدي 

88. Diagnostic Imaging Brain   (Osborn)  (2004) 
هاي  باشد كه ديگر مانند كتاب  مي٢١اين كار جديد نمايانگري از كتب مرجع در قرن .  بودند"Ann Osborn"حان اعصاب منتظر كتاب جديدي از دكتر  ها و جرا ها، نوروپاتولوژيست ها، نوروراديولوژيست مدت طولاني بود كه نورولوژيست

هـا واقعـاً عاليسـت و     كيفيت تصاوير و گرافيـك . ات و چهار برابر تصاوير بيشتري براي هر تشخيص دارد مدرن و پيشرفته خود دو برابر اطلاعformatدهد بلكه با  تر اطلاعات بسيار زياد را به صورت فشرده و با تصاوير اندك ارائه نمي          قديمي

 000, 1,100 تك جلدي
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شايد بتـوان   . فصل جهت بررسي بيشتر ارائه نموده است      هاي افتراق را در همان       ابتكار ديگر در اين كتاب اين است كه موارد و تصاوير مشابه و تشخيص             . ها شده است   دادن تصاوير آناتوميك و پاتولوژيك استفادة زيادي از رنگ         جهت بهترنشان 
 .توان يافت كه اضافي نگاشته شده باشد اي را نمي كامل، موجر و بروز  بطوريكه حتي كلمه: باشد  ميCNSهاي   نورولوژي و بيماري"اينترنت"جلدي  گفت كه اين كتاب يك

PART I (Pathology-based diagnoses): Congenital malformations-Trauma Sulianachnoid hemorrhage and 
Aneurisms-Stroke-Vascular Malformations Neoplasm's and Tumor in lesions-Primary Non-neoplastic cysts-
Infection and Demyelinating Disease-Metabolic/Degenerative Disorders, Inhenited-Toxic/Metabolic/Degenesative 
Disorders, Acquired 
PART II (Anatomy-based Diagnoses): Ventricles and Cysterns-Sella and Pitutary-CPA-IAC-Skull, Scalp and 
Meninges 

 :باشد شده در مورد هر بيماري شامل عناوين زير مي توضيحات ارائه
Terminology-Imaging Findings-Differentioal Diagnosis-Pathology Clinical Issues-Selected references-Imaging 
Gallery-Key Facts 

شناسي و پاتولوژي آورده شده تا به خواننده درك تشخيص و موقعيت كمك  هر جايي كه لازم بوده است توضيحات ضروري از آناتومي، جنين        
 .باشد اي جامع براي مرور سريع و آسان مي  خلاصهKey Factsقسمت . نمايد

 - منبع بسيار غني و مؤثر از مطالب علمي جديد بـراي دانشـجويان  "Diagnostic Imaging Brain Osborn 2004"رسد كه كتاب  به نظر مي
 .هاي مربوطه اعم از نورولوژي، جراحي اعصاب، راديولوژي و پاتولوژي باشد ها و متخصصين رشته  رزيدنت

89. Diagnostic Imaging Orthopaedics    (Stoller.Tirman Bredella)  (2004) 900,000 تك جلدي 

90. Diagnostic Imaging Head and Neck   (Harnsberger)  (2004) 000, 1,000 تك جلدي 

91.  Cranial Neuroimaging and Clinical Neuroanatomy  Atlas of MR Imaging and Computed Tomography  (Hans-Joachim Kretschmann) 
گمان به عنوان يي از بهترين منابع براي فهـم و درك آنـاتومي مسـيرهاي     بي. تمامي فصول كتاب تغيير و بازنويسي شده است . باشد  مي2004 در سال Neuroimaging and Clinical Neuroanatomy Cranialاب چاپ سوم كتاب اين كت

 .سازد  آن اجازه استفاده آسان و دسترسي سريع را ميسر ميآرايي خوب تصاوير بزرگ و صفحه. باشد هاي عروقي مي عصبي و ساختمان
 .باشد هاي عصبي مي هاي باليني جهت استفاده صحيح و بجا از آزمون و راهنماي خوبي براي نورولوژيست. هاي آنهاست هاي نورولوژي و انديكاسيون اي در مورد آزمون مقدمه كتاب شامل بحث گسترده

تـوان از   هاي كاربردي تصويربرداري را دارد بـا مراجعـه بـه ايـن كتـاب مـي        نياز بيشتر به اين نوع بحثNeuroFunctional و تصاوير MRIگسترش سريع . هاي عروقي حفره حلقي است   يد در مورد ساختمان   چاپ جديد كتاب حاوي تصاوير جد     
 در مقاطع كرونال، اگزيال، ساژيتال به نمايش گذاشته شده است MRIاسكن و  تي تصاوير سي. هاي تصويربرداري مطابقت داد يم باليني بسياري را با يافتههاي دقيق عروق تر مسيرهاي الياف عصبي و مسير اعصاب كرانيال آگاهي يافت و علا ساختمان

 .گردد  و جراحان اعصاب توصيه ميها استفاده از اين كتاب تمامي متخصصين راديولوژي، نورولوژيست. هاي شماتيك مطابقت داده شده است كه با كدبندي رنگي و دياگرام

 000, 1,350 تك جلدي

92.  DIAGNOSTIC MUSCULOSKELETAL IMAGING  (THEODORE T. MILLER, MARK E. SCHWEITZER)   (2005) 450,000 تك جلدي 

93. Orthopedic IMAGING   (A Pracitcal Approach)   (ADAM GREENSPAN)  (Michael W. Chapman)   (2004) 700,000 تك جلدي 

94.  Aids to RADIOLOCIAL DIFFERENTIAL DIAGNOSIS   (Forth Edition)   (Stephen Chapman and Richard Nakielny)  (2003) 250,000 تك جلدي 

95.  Teaching Atlas of Brain Imaging  (Nancy J. Fischbein, William P. Dillon, A. James Barkovich) 500,000 تك جلدي 

The Radiologic Clinics of North America 

96. The Radiologic Clinics of North America Imaging of Obstructive Pulmonary Disease (W. Richard Webb.M.D.) 150,000 تك جلدي 

97. The Radiologic Clinics of North America Neonatal Imaging (Janet L. ST. Rife, M.D.) 115,000 تك جلدي 

98. The Radiologic Clinics of North America Lung Cancer (Claudia I. Henschke. Phil, M.D.) 140,000 تك جلدي 

99. The Radiologic Clinics of North America Interventional Procedures in Musculoskeletal Radio I Interventional Techniques (Jamshid Tehranzadeh, MD) 100,000 تك جلدي 
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100. The Radiologic Clinics of North America Interventional Procedures in Musculoskeletal Radio II Advanced Arthrography (Jamshid Tehranzadeh) 200,000 تك جلدي 

101. The Radiologic Clinics of North America Advances in Emergency Radiology I & II (Robert A. Novell) 120,000 دو جلدي 

102. The Radiologic Clinics of North America Cardiac Radiology (Lawrence M. Boxt. MD) 150,000 تك جلدي 

103. The Radiologic Clinics of North America Interventional Chest Radiology (Jeffrey S. Klein, M.D.) 150,000 تك جلدي 

 
Imaging of the newborn, infant, and young child         (LEONARD E. SWISCHUK, M. D.)   (FIFTH EDITION)    (2004) 

 
 

Borderlands of Normal and Early Pathological Finding in Skeletal Radiography    (Fifth revised edition) 
(Juergen Freyschmidt, Joachim Brossmann, Juergen Wiens, Andreas Sternberg)    (Thieme) 

Clinical Imaging     (Ronald L. Eisenberg, Amelda County   رئيس دپارتمان راديولوژي و پروفسور راديولوژي كلينيكال) 

(an atlas of differential diagnosis)   (Lippincott Williums & Wilkins)     (Forth Edition)     (2003)   
 
 

 multipleبعنـوان مـثلاً   (هاي افتراقي مختلف مربوط به هر نمـاي راديوگرافيـك    باشد و در مورد تشخيص هاي افتراقي مربوط به نماهاي گوناگون راديولوژي و تصويربرداري مي ب شامل مباحث لازم و در عين حال كامل و كاربردي در ارتباط با تشخيصاين كتا
Pulmonary nodules (هـاي افتراقـي مربـوط بـه راديولـوژي و       اين كتاب تقريباً شـامل تشـخيص  .  تشخيص افتراقي را بطور جداگانه به نمايش درآمده و در مورد هر كدام نيز توضيحات لازم با نگارشي بسيار قابل فهم ذكر گرديده استتصاوير مرتبط به هر

 : باشد  فهرست كلي مربوط به فصول مختلف اين كتاب به شرح ذيل مي .در آن لحاظ شده است...)  و CTScan ، MRIمطالعات با كنتراست، سونوگرافي،  ، Plain filmاز قبيل  (Imagingهاي مختلف  تصويربرداري كل بدن بوده و تكنيك
 

  الگوهاي راديوگرافيك ستون فقرات-٦ Chest الگوهاي راديوگرافيك -١
 جمه الگوهاي راديوگرافيك جم-٧  الگوهاي راديوگرافيك قلب و عروق-٢
  و ماموگرافيBreastهاي   بيماري-٨ Gastrointestinal الگوهاي راديوگرافيك -٣
  سونوگرافي جنين-٩ Genitourinary الگوهاي راديوگرافيك -٤
   الگوهاي راديوگرافيك اسكتال-٥

 
مطالعـه ايـن كتـاب    . هاي راديولوژيك مربوط به مبحث مذكور آورده شده است كه در تسهيل و تسريع استفاده از اين كتـاب بسـيار مـؤثر خواهـد بـود      تباط با نشانه اي در ار    الذكر، در ابتداي هر فصل، فهرست كددار ويژه         هاي فوق   ضمناً در مورد هر كدام از فصل      

 .ارزشمند براي شركت در امتحانان برد تخصص راديولوژي و همچنين كار عملي در مؤسسات راديولوژي بسيار مفيد خواهد بود
 

Atlas Of Normal Roentgen Variants that may Simulate Disease     (Mosby Inc.)  (2001)   (Seventh Edition)     1307  تعداد صفحات 
(Theodore E. Keats M.D.   پروفسور راديولوژي دانشگاه ويرجينيا , Mark W. Anderson M.d. دانشيار راديولوژي دانشگاه ويرجينيا) 

 . كه ممكن است در جريان گزارشات راديولوژيك اتفاق بيافتد، كاسته خواهد شدOver diagnosisشويم و بدين طريق از ميزان  هاي نرمال راديولوژي آشنا مي  ، با كمك تصاوير راديوگرافيك متعدد، با نماهاي مختلف وارياسيوندر اين كتاب
 :باشند بخش اول و دوم شامل فصول ذيل مي. باشد هاي نرم مي هاي نرمال راديوگرافيك بافت ها و بخش دوم مربوط به وارياسينوس هاي نرمال راديوگرافيك استخوان ياسينوسبخش اول مربوط به وار. باشد اين كتاب شامل دو بخش اصلي مي

 

   ريال700,000 : قيمت

   ريال600,000 : قيمت
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 بخش دوم بخش اول
  جمجمه-١فصل 
 هاي صورت  استخوان-٢فصل 
  ستون فقرات-٣فصل 
  كمربند لگني-٤فصل 

 اي و قفسة صدري ند شانه كمرب-٥فصل 
  اندام فوقاني-٦فصل 
  اندام تحتاني-٧فصل 

 هاي نرم گردن  بافت-٨فصل 
 هاي نرم قفسة سينه  بافت-٩فصل 
  ديافراگم-١٠فصل 

 

 هاي نرم شكم  بافت-١١فصل 
 هاي نرم لگن  بافت-١٢فصل 
  سيستم ادراري تناسلي-١٣فصل 

 
Magnetic Resonance Angiography   (Springer)   (2003)     478  تعداد صفحات:  

(Ingolf P. Arlart, Phd, M.D. پروفسور راديولوژي دانشگاه اشترت گارد آلمان , Guy Marchal, PhD, M.D.  بلژيك  Leuven پروفسور راديولوژي دانشگاه) 
شود و هدف اصلي ايـن كتـاب نيـز آشـنايي بـا اصـول و         بيش از پيش احساس  مي  (MRA)ها و همچنين موارد استفاده آنژيوگرافي با كمك رزونانس مغناطيسي             كنيكهاي تشخيصي پزشكي نياز به دانستن ت        شدن روش   با توجه به گرايش روزافزون به غيرتهاجمي      

 :فصول عمدة اين كتاب عبارتند از .باشد  و همچنين كاربردهاي باليني اين روش تصويربرداري تشخيصي ميMRAملاحظات تكنيكي 
  عروق ريوي-١٧ هاي نمايش تصوير  تكنيك-٩ هاي عروقي و اصول هموديناميك آناتومي نرمال و پاتولوژي: تم عروقي سيس-١
 هاي آن  آئورت شكمي و شاخه-١٨  كميت جريان خون-١٠ (MRA) تعريف آنژيوگرافي با استفاده از رزونانس مغناطيسي -٢
 ها هاي اندام  شريان-١٩ افزار  تشريح نمايشي سخت-١١  تصويربرداري پزشكي جهت(NMR)اي   اصول پايه رزونانس مغناطيسي هسته-٣
 ها  وريدهاي بزرگ بدن و اندام-٢٠ ها ها و محدوديت  آرتيفكت-١٢ Resolution و K فضاي -٤
  سيستم وريدي اسپلنوپورتال-٢١  عروق داخل جمجمه-١٣  وابسته به جريانAcquistionهاي   تكنيك-٥
 هاي درماني داخل عروقي  جهت روش(Guide) ارائة راهنما -٢٢ هاي كاروتيد و ورتبرال  شريان-١٤  مستقل از جريانAcquistion هاي  تكنيك-٦
٧- Resolution فضايي در مقابل Resolution زماني در MRA٢٣ هاي آن  آئورت شكمي و شاخه-١٥  با تشديد كنتراست- Implantها ايمني و آرتيفكت: هاي داخل عروقي 
  هاي كوروناري  شريان-١٦ MRA ماده حاجب در -٨

 
CT and MR Imaging of the Whole Body   (Mosby)   (2003)     ( [دوجلدي]  تعداد صفحات  2272: ) 
(John R. Haaga, MD , FACR)  اوهايو  Cleveland رياست دپارتمان راديولوژي دانشگاه    (Charles F. Lanzieri, MD, FACR)  اوهايو  Cleveland پروفسور راديولوژي و جراحي اعصاب دانشگاه 
(Robert C. Gilkeson, MD)  اوهايو Cleveland شهر Case Western Reserve دانشگاه Thoracic , Head هاي راديولوژي استاد بخش  

مربوط به بيماريهاي مختلف، از تصاوير گويا و تيپيك متعدد همـراه بـا توضـيحات كـافي بـراي فهـم        Imaging هاي   كامل و دقيق در مورد پاتولوژي و همچنين يافتهبوده و در آن ضمن بحث Scan MRI ,CTين كتاب يكي از كاملترين مراجع در ارتباط با ا
 :اند باشد و فهرست فصول آن در ذيل آورده شده جلد اول اين كتاب شامل پنج بخش عمده مي.  دو جلد تدوين گرديده استاين كتاب در. بقدر كفايت صحبت  صحبت شده است ,CT Scan  MRI مطالب استفاده گرديده است و از تكنيكها و جديدترين روشهاي
  تصوير برداري سر و گردن-بخش سوم  مغز و مننژها-بخش دوم MRI, CT Scan اصول -بخش اول

 CT Scan  اصول تصوير برداري در -١فصل 
 MRI  فيزيك -٢فصل 
 گرافي با استفاده از رزونانس مغناطيس آنژيو-٣فصل 

               (MRI) :اصول و تكنيكها 

  مغز و ستون فقراتMRI, CT Scan آناتومي نرمال -٤فصل 
 هاي اينتراكرانيال  نئوپلاسم-٥فصل 
  عفونتها و التهابات مغز-٦فصل 
  سكته مغزي-٧فصل 
  مالفورماسيونهاي عروقي و آنوريسمهاي مغزي-٨فصل 
  تروماي سيستم اعصاب مركزي-٩فصل 
  اختلالات نورودژنراتيو-١٠فصل 
  مغزMagnetic Resonance Spectroscopy -١١فصل 
  فرآيندهاي مننژيال-١٢فصل 
 ها و بيماريهاي دميلينيزان  لوكوانسفالوپاتي-١٣فصل 

  اوربيت-١٤فصل 
  استخوان تمپورال-١٥فصل 
  كاويتي سينونازال-١٦فصل 
 اي مربوط به گردن و آدنوپاتي گردنيه  توده-١٧فصل 
  حنجره-١٨فصل 
  نازوفارنكس و اورفارنكس-١٩فصل 
  غدد تيروئيد و پاراتيروئيد-٢٠فصل 
  تصويربرداري سر و گردن اطفال-٢١فصل 

  تصويربرداري قفسة سينه-بخش پنجم
  بيماريهاي غير نئوپلاستيك پارانشيمال ريه-٢٧فصل  و ديوارة فقسة صدري) پلور( جنب -٣٠فصل   مدياستن-٢٩فصل  هاي اولية ريوي  نئوپلاسم-٢٨فصل 

  قلبMRI -٣٣فصل   قلب و پريكاردCT Scan -٣٢فصل  ت توراسيك آئورMRI, CT Scan -٣١فصل 

  ريال1000,000:  قيمت

   ريال500,000 : قيمت
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 :باشد  بخش عمده بوده و فهرست فصول آن به ترتيب ذيل مي٤جلد دوم كتاب هاگا شامل 

 
  راديولوژي اطفال-بخش هشتم  تصويربرداري سيستم عضلاني و اسكلتي-خش هفتمب   تصويربرداري شكم و لگن-بخش ششم

  دستگاه گوارش-٣٤فصل 
 اي كبد  ضايعات توده-٣٥فصل 
 هاي تصويربرداري و بيماريهاي منتشر  آناتومي نرمال،  تكنيك:  كبد-٣٦فصل 
  كيسه صفرا و سيستم صفراوي-٣٧فصل 
  پانكراس-٣٨فصل 
  طحال-٣٩فصل 
  غدد فوق كليوي-٤٠فصل 
  كليه-٤١فصل 
  پريتوئن و مزانتر-٤٢فصل 
 )خلف صفاق( رتروپريتوئن -٤٣فصل 
  لگنCT Scan -٤٤فصل 
  لگنMRI -٤٥فصل 

  تومورهاي موسكولواسكلتال-٤٦فصل 
  پا و مچ پاMRI, CT Scan -٤٧فصل 
  زانو-٤٨فصل 
 (Hip) مفصل ران -٤٩فصل 
  شانه-٥٠فصل 

 ملاحظات ويژه: ر كودكان دMRI, CT Scan -٥١فصل 
  قلب و عروق بزرگ-٥٢فصل 
  قفسه سينه-٥٣فصل 
  سيستم كبدي صفراوي-٥٤فصل 
  طحال اطفال-٥٥فصل 
  پانكراس-٥٦فصل 
 ها و غدد فوق كليوي  كليه-٥٧فصل 
   دستگاه گوارش، حفرة پريتوئن و مزانتر-٥٨فصل  
  لگن كودكان و نوجوانان-٥٩فصل 
  اسكلتي سيستم عضلاني و-٦٠فصل 

 
 
 
 
Looking for the number key to the diagrams? Just fold out this page…        
A didactically brilliant and unprecedented approach to understanding CT imaging    
 

(Matthias Hofer, MD)   Institute fo Diagnostic Radiology, MNR Clinic, Duesseldorf, Germany 
 

Ideal for radiology residents, students and technicians, this concise manual is the perfect introduction to the practice and interpretation of computed 
tomography. 
Designed as a systematic learning tool, it introduces the use of CT scanners for all organs. Finally, self-assessment quizzes –including answers-ath the 
end of each chapter help the reader monitor progress and evaluate knowledge gained.  
 

Special Feature 
Includes detachable, pocket-sized cards containing checklists and tables of normal 
measurements –perfect for study or quick reference when on rounds. 
Contents: -Technical Aspects  -Basic Rules of CT Reading  -Preparing the patient 

-Administration of Contrast Media   -Atlas of Normal and Common Pathological Findings in:the Cranium, Neck, Thorax, Abdomen, Retroperitoneum, Bones, and Lower 
Extremity   -Interventional CT  -CT-Angiography  -Dose reduction  -New protocols for 1-, 4-, and 16-row multislice scanners 
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MRI  and CT Scan of Head and Spine    

(Williams & Wilkins)             (C. Barrie Grossman, M.D. Indiana فوروراديولوژيست و متدولوژيست دانشگاه)                 ( تعداد صفحات : 810) 

 : بخش اصلي است٤پردازد و شامل   در زمينة نوروراديولوژي به بحث و بررسي ميMRI و CT Scanالذكر در مورد  كتاب فوق
 

 زمغ:  بخش دوم  ملاحظات تكنيكي پايه:  بخش اول 
 MRI و CT Scan  اصول فيزيكي مربوط به -١فصل 
 CT Scan موارد استفاده باليني -٢فصل 
 MRI موارد استفاده باليني -٣فصل 

 كف جمجمه، جمجمه و صورت:  بخش سوم 

 MRI و CT Scan آناتومي نرمال مغز در -٤فصل 
 هاي اينتراكرانيال ها و كيست  نئوپلاسم-٥فصل 
  اختلالات عروقي مغز-٦فصل 
 اكرانيالها كرانيال و اينتر  آسيب-٧فصل 

 هاي التهابي ها و بيماري  عفونت-٨فصل 
 هاي مادرزادي مغز و اختلالات نوزادي  مالفورماسيون-٩فصل 
  هيدروسفالي و اختلالات دژنراتيو و آتروفيك مغز-١٠فصل 

 (Sella) ناحية زين -١١فصل  ستون فقرات: بخش چهارم 
  ناحيه تمپورال-١٢فصل 
 هاي پارانازال و نازوفارنكس ورت، سينوس جمجمه، ص-١٣فصل 
  اوربيت -١٤فصل 

 هاي تصوير  ستون فقرات نرمال، تكنيگ-١٥فصل 
 هاي دژنراتيو و تروماتيك ستون فقرات  وضعيت-١٦فصل 
 هاي ستون فقرات  ساير پاتولوژي-١٧فصل 

 
 

 .گيري شده است بندي نكات اساسي از جداول متعدد بهره مطالب از تصاوير گويا همراه با توضيحات كافي استفاده گرديده و براي طبقهلازم به ذكر است كه در كتاب فوق، براي فهم بهتر 
 

 

 

HIGHLIGHTS OF OPHTHALMOLOGY INTERNATIONAL 

WAVEFRONT ANALYSIS, ABERROMETERS and CORNEAL TOPOGRAPHY 
B. BYOD,     A. AGARWAL                (2003)      1100,000R 

 

 
 گيرنــد هــاي زيــادي بــه پــاس خــدمات دانشــمند بــزرگ، مورگــاني نــام مــي          هــاي نســبتاً قــديمي نيــز وجــود نداشــته، عدســي       گرچــه هنــوز هــم در بســياري از نقــاط كشــورمان امكــان عمــل جراحــي كاتاراكــت حتــي بــه روش          

(Morgagnian Cataract) (!!) اش مد نظر قرار گرفته است  هدف نهايي پزشك و بيمار نبوده، كيفيت بينايي با همه ابعاد گسترده٢٠/٢٠صاً در دو دهه اخير چنان بوده كه ديگر حدت بينايي ليكن پيشرفت علم و فناوري خصو. 
سـير بسـيار سـريع ايـن     .  در برابر ديدگان جهانيان پديدار گشـته اسـت  "Super Vision"اي به نام   ، افق تازهCustomized LASIKشدن   از عرصه علم نجوم به حيطه جراحي كراتورفراكتيو و مطرحWavefront Analysisهاي اخير با ورود تكنيك  در سال

 .عات پراكنده به دست آمده از مقالات باشدپزشكان عزيز هم به روز نبوده، و يا محدود به اطلا هاي بسياري از چشم  موجود و قابل دسترسي در كشور از آن جا بمانند و لاجرم دانستهTextپيشرفت باعث شده كه كتب 
نظير به زيور چـاپ آراسـته گرديـده، پاسـخي اسـت در        كتاب حاضر كه به همت مركز خدمات فرهنگي سالكان در كوتاهترين زمان  ممكن از انتشار آن در خارج از كشور تهيه به صورت تمام رنگي بر روي كاغذ گلاسة مات و با كيفيتي كم                                  

 ، از معدود كتب تكست منتشـر  Highlights Of Ophthalmology هاي  از سري كتابWAVEFRONT ANALYSIS, ABERROMETERS and CORNEAL TOPOGRAPHY  با عنواناين كتاب. ن عطش علمي موجود در اين زمينهجهت فرونشاند
 . پرداخته است Cataract Surgery, Customized LASIK, Standard LASIK  مهمتر كاربرد آنها در و از همه Wavefront Analysis, Orbscan, Topography باشد كه تماماً به مقوله   شده مي

 اند پزشكان ارائه كرده درك و كاربردي به جامعة جهاني چشم اين كتاب را به صورتي كاملاً موجز و قابل Benjamin F. Boyd, M.D., FACSباشند كه به سرپرستي  اي از كشورهاي آمريكا، اسپانيا، ژاپن و هند مي نويسندگان اين كتاب استادان برجسته

   ريال500,000 : قيمت
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 )ريال(قيمت  سال نشر عنوان كتاب

1 Section 1: Update on General Medicine 2002-2003 215,000 

2 Section 2: Fundamentals and Principles of Ophthalmology 2002-2003 270,000 

3 Section 3:  Optics, Refraction, and Contact Lenses 2002-2003 215,000 

4 Section 4: Ophthalmic Pathology and Intraocular Tumors 2002-2003 210,000 

5 Section 5: Neuro-Ophthalmolog 2002-2003 230,000 

6 Section 6: Pediatric Ophthalmology and Strabismus 2002-2003 250,000 

7 Section 7: Orbit, Eyelids, and Lacrimal System 2002-2003 190,000 

8 Section 8: External Disease and Cornea 2002-2003 280,000 

9 Section 9: Intraocular Inflammation and Uveitis 2002-2003 185,000 

10 Section 10: Glaucoma 2002-2003 160,000 

11 Section 11: Lens and Cataract 2002-2003 180,000 

12 Section 12: Retina and Vitreous 2002-2003 230,000 
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Section 13: International Ophthalmology 2002-2003 235,000 

14 WAVEFRONT ANALYSIS, ABERROMETERS and CORNEAL TOPOGRAPHY 2003 1100,000 

15 OPHTHALMOLOGY MONOGRAPHS Cataract Surgery and Intraocular Lenses 2001 200,000 

16 COSMETIC OCULOPLASTIC SURGERY  Eyelid, Forehead, and Facial Techniques 1999 300,000 

17 Glaucoma THE REQUISITES IN OPHTHALMOLOGY 2000 200,000 

18 LASIK Principles and Techniques 1998 250,000 

19 THE GLAUCOMAS 2000 180,000 

20 THE WILLS EYE MANUAL  Office and emergency Room Deagnosis and Treatment of Eye Disease 1999 220,000 

21 Complications in Phacoemulsification (Avoidance, Recognition, and Management) 2002 400,000 

22 Retina and Optic Nerve Imaging  (Thomas A. Ciulla, Carl D. Regillo, Alon Harris)   
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